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PREFACE 
 
Under contract to the Transport Canada Programs Group Innovation Centre, APS Aviation 
Inc. has undertaken a research program to advance aircraft ground de/anti-icing technology. 
The primary objectives of the research program are the following: 
 
• To develop holdover time data for all new de/anti-icing fluids; 

• To evaluate and develop the use of artificial snow machines for holdover time 
development; 

• To conduct wind tunnel testing with a vertical stabilizer common research model to 
evaluate contaminated fluid flow-off before and after a simulated takeoff; 

• To conduct comparative endurance time testing and evaluate endurance times in mixed 
conditions including snow and freezing fog; 

• To conduct general and exploratory de/anti-icing research; 

• To conduct analysis to support harmonization of the Transport Canada and the Federal 
Aviation Administration visibility table guidance; 

• To finalize the publication and delivery of current and historical reports; 

• To update the regression information report to reflect changes made to the holdover time 
guidelines; and 

• To update the holdover time guidance materials for annual publication by Transport 
Canada and the Federal Aviation Administration. 

 
The research activities of the program conducted on behalf of Transport Canada during the 
winter of 2022-23 are documented in five reports. The titles of the reports are as follows: 
 
• TP 15557E Aircraft Ground De/Anti-Icing Fluid Holdover Time Development Program 

for the 2022-23 Winter; 

• TP 15558E Regression Coefficients and Equations Used to Develop the Winter 
2023-24 Aircraft Ground Deicing Holdover Time Tables; 

• TP 15559E Aircraft Ground Icing General Research Activities During the 2022-23 
Winter; 

• TP 15560E Wind Tunnel Testing with a Common Research Model Vertical Stabilizer: 
Winter 2022-23; and 

• TP 15561E Testing and Evaluation of Mixed Phase Icing Conditions: Winter 
2022-23. 

 
In addition, the following interim report is being prepared: 
 
• Artificial Snow Research Activities for the 2022-23 Winter. 
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This report, TP 15561E, has the following objective: 
 
• To conduct comparative endurance time testing and evaluate endurance times in different 

mixed phase icing conditions. 
 
This objective was met by conducting endurance time tests with fluids in simulated mixed 
icing conditions using newly developed test methodologies at the National Research Council 
Canada Climatic Engineering Facility in Ottawa. 
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EXECUTIVE SUMMARY 
 
Under contract to the Transport Canada (TC) Programs Group Innovation Centre, 
with support from the Federal Aviation Administration (FAA) William J. Hughes 
Technical Center, TC Civil Aviation, and FAA Flight Standards – Air Carrier 
Operations, APS Aviation Inc. (APS) carried out research in the winter of 2022-23 in 
support of the aircraft ground icing research program. 
 
Each major project completed as part of the 2022-23 research is documented in a 
separate individual report. This report documents the evaluation of fluid endurance 
times in mixed phase icing conditions. 
 
 
Background and Objective 
 
Holdover Time (HOT) guidance is currently provided to industry in the form of generic 
and fluid-specific guidance tables that provide operators time ranges for safe 
operation after anti-icing in various environmental conditions. Most of the HOT 
guidance that is currently published has been developed for conditions where only 
one precipitation type is present. 
 
One of the primary goals of TC/FAA’s ongoing HOT research and development is to 
maximize operational capabilities for air operators in winter conditions. In recent 
years, mixed icing conditions has become a research priority to reduce the number 
of occurrences where operations are restricted by a lack of existing HOT guidance. 
In 2021-22, APS conducted mixed snow and freezing fog endurance time testing 
which led to the development of a generic HOT table for use in those conditions. 
That work was documented in the TC report, TP 15540E, Evaluation of Fluid 
Endurance Times in Mixed Snow and Freezing Fog Conditions (1). 
 
TP 15540E (1) contained a series of recommendations for further mixed icing research, 
including further testing in mixed snow and freezing fog to refine the available HOT 
guidance. Also recommended was testing aimed at developing guidance for other 
mixed icing conditions, including combinations of snow and rain, and snow and 
freezing rain. 
 
TC and the FAA tasked APS with further developing test methodologies suitable for 
evaluating anti-icing fluid performance in mixed phase icing conditions, and with 
conducting testing to obtain the data necessary to support future HOT guidance 
development for those icing conditions.  
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Conclusions 
 
The Type I test results obtained with the updated methodology show that Type I 
fluid endurance time performance in mixed snow and freezing fog is generally 
equivalent to its snow-only endurance time performance in corresponding conditions. 
The results indicate that there may be potential to refine this guidance to provide a 
greater proportion of the snow-only generic times in conditions of mixed snow and 
freezing fog for Type I fluids. 
 
Snow-only baseline tests previously conducted in 2021-22 were repeated using a 
modified methodology. The tests performed using the 2022-23 methodology 
produced endurance times that were, on average, 15 percent shorter than those 
performed using the 2021-22 methodology. With further validation, these differences 
could support revisiting the existing guidance for mixed freezing fog and snow and 
result in longer HOTs for all fluid types. 
 
Type I fluid performance in mixed snow and rain exceeded that of the rain on a 
cold-soaked wing baseline in all cases tested. This suggests that the rain on a 
cold-soaked wing HOTs may be suitable for use with Type I fluids in a mixed snow 
and rain scenario, however additional data collection should be considered to better 
characterize this mixed condition. Given that the Type I fluid performance varied 
significantly from the baseline, other potential baselines should be evaluated as well. 
 
The data collected indicates that Type II/III/IV fluid performance in mixed snow and 
rain is somewhat comparable to fluid performance in a rain on a cold-soaked wing 
condition. Several cases where the performance in the mixed condition fell short of 
the baseline performance were recorded. Additional data collection is recommended 
to further characterize this condition prior to guidance development. 
 
Preliminary data indicates that fluid performance in mixed freezing rain and snow is 
comparable to freezing rain alone (assuming similar liquid water equivalent [LWE] in 
both cases). There are cases however where the performance in the mixed condition 
fell short of the baseline performance. Additional data is needed to further 
characterize this condition for guidance development. 
 
The results of the mixed icing tests were reviewed and discussed with TC/FAA to 
determine the best path forward for further mixed icing HOT guidance development.  
 
Due to the limited data collected for each of the different research goals, it was 
determined that additional data collection should be conducted in the 2023-24 
season to validate the findings of the 2022-23 research prior to making changes to 
the published mixed icing conditions guidance.  
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Recommendations 
 
It is recommended that additional mixed icing conditions research be conducted next 
year to collect the necessary data to complete the testing and guidance development 
objectives begun in 2022-23. 
 
The priorities for mixed icing conditions testing and development in winter 2023-24 
have been identified in consultation with TC and the FAA and are listed below. 
 

1. Additional data collection in mixed snow and freezing fog with Type I fluids 
using the improved snow application methodology. 

2. Additional runs of snow-only baseline tests using the test methodology 
developed in 2022-23 to confirm that the methodology produces repeatable 
results. If this is the case, consideration should be given to re-evaluating the 
mixed snow and freezing fog data collected in 2021-22 using the new baseline 
data. 

3. Additional data collection in mixed snow and freezing fog testing at reduced 
fog rates to characterize the impacts across the full range of precipitation rates 
and temperatures. In addition, testing in mixed snow and mist (a lower 
intensity fog spray) will also be considered. 

4. Additional data collection in mixed snow and freezing fog with other 
commercialized fluids to validate the broader applicability of the guidance 
issued for this condition. 

5. Additional data collection in mixed rain and snow to further characterize the 
condition for guidance development. 



 

x 

This page intentionally left blank.



SOMMAIRE 

APS/Library/Projects/301351 (TC Deicing 2022-23)/Reports/Mixed Icing Testing/Final Version 1.0/TP 15561E Final Version 1.0.docx 
Final Version 1.0, May 24 

xi 

SOMMAIRE 
 
En vertu d’un contrat avec le groupe des programmes du Centre d’innovation de 
Transports Canada (TC) et avec le soutien du William J. Hughes Technical Center de 
la Federal Aviation Administration (FAA), du département de l’aviation civile de TC, 
et de la FAA Flight Standards – Air Carrier Operations, APS Aviation Inc. (APS) a 
mené des essais au cours de l’hiver 2022-2023 dans le cadre d’un programme de 
recherche sur le givrage d’aéronefs au sol. 
 
Tous les projets importants achevés dans le cadre du programme de recherche 
de 2022-2023 sont documentés par l’entremise de rapports individuels. Le présent 
rapport fait état de l’évaluation des durées d’endurance des liquides dans des 
conditions de givrage en phase mixte. 
 
 
Contexte et objectifs 
 
Les lignes directrices relatives aux durées d’efficacité sont actuellement soumises au 
secteur sous forme de tableaux génériques et de tableaux propres aux liquides qui 
indiquent aux exploitants les plages d’activité sécuritaires suivant les opérations 
d’antigivrage dans diverses conditions environnementales. La plupart des lignes 
directrices sur les durées d’efficacité actuellement publiées ont été élaborées en 
fonction de conditions où n’intervient qu’un seul type de précipitations. 
 
L’un des objectifs principaux du projet de recherche et développement continus de 
TC et de la FAA sur les durées d’efficacité est de maximiser les capacités 
opérationnelles des exploitants aériens dans des conditions hivernales. Ces dernières 
années, la recherche dans des conditions mixtes de givrage est devenue prioritaire 
pour réduire le nombre de cas où les opérations sont limitées par l’absence de lignes 
directrices adaptées à ce contexte. En 2021-2022, APS a mené des essais sur les 
durées d’endurance en conditions mixtes de neige et de brouillard verglaçant, 
lesquels ont mené à la mise au point d’un tableau des durées d’efficacité génériques 
aux fins d’utilisation dans ces conditions. Ces travaux ont été documentés dans le 
rapport TP 15540E de TC, intitulé Evaluation of Fluid Endurance Times in Mixed 
Snow and Freezing Fog Conditions (1). 
 
Le rapport TP 15540E (1) contenait une série de recommandations pour la réalisation 
de recherches supplémentaires en conditions mixtes de givrage, y compris la 
réalisation d’autres essais en conditions mixtes de neige et de brouillard verglaçant, 
afin de préciser les lignes directrices relatives aux durées d’efficacité existantes. Il 
recommandait également la réalisation d’essais visant à mettre au point des lignes 
directrices pour d’autres conditions mixtes de givrage, y compris les conditions 
mixtes de neige et de pluie, et de neige et de pluie verglaçante. 
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TC et la FAA ont chargé APS de mettre au point des méthodologies d’essai 
permettant d’évaluer les performances des liquides d’antigivrage dans des conditions 
de givrage en phase mixte, et de mener des essais pour recueillir les données 
nécessaires pour appuyer la mise au point future de lignes directrices relatives aux 
durées d’efficacité dans ces conditions de givrage.  
 
 
Conclusions 
 
Les résultats des essais sur les liquides de type I obtenus à l’aide de la méthodologie 
mise à jour indiquent que la performance de la durée d’endurance des liquides de 
type I en conditions mixtes de neige et de brouillard verglaçant est généralement 
équivalente à la performance de la durée d’endurance de ces liquides sous neige 
seulement dans des conditions correspondantes. Les résultats indiquent qu’il pourrait 
être possible d’ajuster ces lignes directrices afin de fournir une plus grande proportion 
de durées génériques sous neige seulement en conditions mixtes de neige et de 
brouillard verglaçant pour les liquides de type I. 
 
Les essais de référence sous neige seulement réalisés auparavant au cours de 
l’année 2021-2022 ont été répétés au moyen d’une méthodologie modifiée. Les 
essais effectués au moyen de la méthodologie de 2022-2023 ont généré des durées 
d’endurance qui étaient, en moyenne, 15 pour cent plus courtes que celles obtenues 
avec la méthodologie de 2021-2022. Si d’autres travaux de validation sont effectués, 
ces différences pourraient appuyer la révision des lignes directrices existantes pour 
les conditions mixtes de neige et de brouillard verglaçant et entraîner des durées 
d’efficacité prolongées pour tous les types de liquides. 
 
La performance des liquides de type I en conditions mixtes de neige et de pluie a 
dépassé la performance observée lors des essais de référence en conditions de pluie 
sur une aile imprégnée de froid dans tous les cas testés. Ces résultats suggèrent que 
les durées d’efficacité des liquides de type I en conditions de pluie sur une aile 
imprégnée de froid peuvent être utilisées en conditions mixtes de neige et de pluie; 
il faut cependant envisager de recueillir des données supplémentaires afin de mieux 
caractériser ces conditions mixtes. Étant donné que la performance des liquides de 
type I différait grandement par rapport aux valeurs de référence, d’autres valeurs de 
référence potentielles devraient également être évaluées. 
 
Les données recueillies indiquent que la performance des liquides de type II/III/IV en 
conditions mixtes de neige et de pluie est plutôt comparable à la performance des 
liquides en conditions de pluie sur une aile imprégnée de froid. On a enregistré 
plusieurs cas où la performance en conditions mixtes n’a pas atteint la performance 
de référence. Il est recommandé de recueillir des données supplémentaires afin de 
mieux caractériser ces conditions avant la mise au point de lignes directrices. 
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Les données préliminaires indiquent que la performance des liquides en conditions 
mixtes de pluie verglaçante et de neige est comparable à la performance observée en 
conditions de pluie verglaçante seulement (en supposant une équivalence en eau 
liquide similaire dans les deux cas). On a enregistré des cas où la performance en 
conditions mixtes n’a pas atteint la performance de référence. Il est recommandé de 
recueillir des données supplémentaires afin de mieux caractériser ces conditions 
avant la mise au point de lignes directrices. 
 

Les résultats des essais en conditions mixtes de givrage ont fait l’objet d’un examen 
et d’une discussion de la part de TC et de la FAA afin de déterminer quelle serait la 
meilleure voie à suivre pour approfondir la mise au point des lignes directrices sur les 
durées d’efficacité en conditions mixtes de givrage.  
 

En raison des données limitées recueillies pour chacun des différents objectifs de 
recherche, il a été déterminé qu’une autre collecte de données devra avoir lieu au 
cours de la saison 2023-2024 afin de valider les constatations effectuées dans le 
cadre des recherches menées en 2022-2023 avant d’apporter des modifications aux 
lignes directrices publiées sur les conditions mixtes de givrage.  
 
 

Recommandations 
 

Il est recommandé d’effectuer d’autres recherches sur les conditions mixtes de 
givrage l’année prochaine afin de recueillir les données nécessaires pour atteindre les 
objectifs relatifs aux essais et à la mise au point de lignes directrices lancés en 
2022-2023. 
 

Les priorités en matière de recherche et de développement dans des conditions 
mixtes de givrage au cours de l’hiver 2023-2024 ont été définies de concert avec 
TC et la FAA, et sont énumérées ci-dessous : 
 

1. Procéder à la collecte de données supplémentaires dans des conditions mixtes 
de neige et de brouillard verglaçant avec des liquides de type I en utilisant la 
méthodologie améliorée d’application de neige. 

2. Procéder à d’autres essais de référence sous neige seulement en utilisant la 
méthodologie d’essais mise au point en 2022-2023 afin de confirmer que la 
méthodologie permet d’obtenir des résultats reproductibles. Si c’est 
effectivement le cas, envisager de réévaluer les données sur les conditions 
mixtes de neige et de brouillard verglaçant recueillies en 2021-2022 en 
utilisant les nouvelles données de référence. 

3. Procéder à la collecte de données supplémentaires lors d’essais en conditions 
mixtes de neige et de brouillard verglaçant, en utilisant des taux de brouillard 
moindres, afin de caractériser les effets observés pour la gamme complète de 
taux de précipitation et de températures. En outre, on envisagera également 
de mener des essais en conditions mixtes de neige et de brume (une 
vaporisation de brouillard de plus faible intensité). 
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4. Procéder à la collecte de données supplémentaires en conditions mixtes de 
neige et de brouillard verglaçant en utilisant d’autres liquides commercialisés 
afin de valider l’applicabilité à grande échelle des lignes directrices issues de 
ces conditions. 

5. Procéder à la collecte de données supplémentaires en conditions mixtes de 
pluie et de neige afin de mieux caractériser les conditions et mettre au point 
des lignes directrices. 
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1. INTRODUCTION 
 
Under winter precipitation conditions, aircraft are cleaned prior to takeoff. This is 
typically done with aircraft ground deicing fluids, which are freezing point depressant 
fluids developed specifically for aircraft use. If required, aircraft are then protected 
against further accumulation of precipitation by the application of aircraft ground 
anti-icing fluids, which are also freezing point depressant fluids. Most anti-icing fluids 
contain thickeners to extend protection time.  
 
Prior to the 1990s, aircraft ground de/anti-icing had not been extensively researched. 
However, following several ground icing related incidents in the late 1980s, an 
aircraft ground icing research program was initiated by Transport Canada (TC). The 
objective of the program is to improve knowledge, enhance safety, and advance 
operational capabilities of aircraft operating in winter precipitation conditions.  
 
Since its inception in the early 1990s, the aircraft ground icing research program has 
been managed by TC, with the co-operation of the United States Federal Aviation 
Administration (FAA), the National Research Council Canada (NRC), several major 
airlines, and de/anti-icing fluid manufacturers.  
 
There is still an incomplete understanding of some of the hazards related to aircraft 
ground icing. As a result, the aircraft ground icing research program continues, with 
the objective of further reducing the risks posed by the operation of aircraft in winter 
precipitation conditions.  
 
Under contract to the TC Programs Group Innovation Centre, with support from the 
FAA William J. Hughes Technical Center, TC Civil Aviation, and FAA Flight 
Standards – Air Carrier Operations, APS Aviation Inc. (APS) carried out research in 
the winter of 2022-23 in support of the aircraft ground icing research program. Each 
major project completed as part of the 2022-23 research is documented in a separate 
individual report. This report documents the evaluation of fluid endurance times in 
mixed icing conditions to support guidance development. 
 
 
1.1 Background 
 
Holdover time (HOT) guidance is currently provided to industry in the form of generic 
and fluid-specific guidance tables that provide operators with time ranges for safe 
operation after anti-icing in various environmental conditions. Most of the HOT 
guidance that is currently published has been developed for conditions where only 
one precipitation type is present. Meteorological aerodrome report (METAR)–reported 
weather conditions may not always have a corresponding entry in the HOT guidance 
to allow for safe departure, and this is especially true for mixed conditions. 
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One of the primary goals of TC/FAA’s ongoing HOT research and development is to 
maximize operational capabilities for air operators in winter conditions. In recent 
years, there have been calls from industry to make mixed icing conditions a research 
priority to reduce the number of occurrences where operations are restricted by a 
lack of HOT guidance.  
 
A METAR working group (MWG) (consisting of TC/FAA representatives, university-affiliated 
meteorologists, and industry experts) was formed in 2020-21 with the collective goal 
of assessing the occurrence of mixed icing conditions in North America and 
determining which combinations of icing conditions should be prioritized for guidance 
development. Based on a frequency analysis, mixed snow and freezing fog was 
identified by the group as the top priority for guidance development. This condition 
was the focus of a testing session conducted in 2021-22, which led to the 
development of a generic HOT table for use in mixed snow and freezing fog 
conditions. This work is documented in the TC report, TP 15540E (1). 
 
TP 15540E (1) contained a series of recommendations for further mixed icing research, 
including further testing in mixed snow and freezing fog to refine the available HOT 
guidance. Also recommended was testing aimed at developing guidance for other 
mixed icing conditions identified by the MWG, including combinations of snow and 
rain, and snow and freezing rain. Through further consultations with TC and the FAA, 
a workplan for 2022-23 mixed icing research was developed with the goal of 
addressing the recommendations from TP 15540E (1), which is discussed in this 
report.  
 
 
1.2 Project Objectives 
 
The objectives of this project were as follows: 
 

1) To develop and refine testing methodologies to evaluate anti-icing fluid 
endurance time performance in mixed icing conditions, including the following: 

a. Moderate rain mixed with snow; 

b. Moderate snow mixed with rain; 

c. Very light or light snow mixed with freezing rain; and 

d. Snow mixed with freezing fog. 

2) To conduct testing to collect test data in the above-mentioned conditions; and 

3) To analyse the test data collected to evaluate the potential for novel HOT 
guidance. 

 
The statement of work excerpt for this project is provided in Appendix A. 
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1.3 Report Format 
 
The following list provides short descriptions of subsequent sections of this report: 
 

a) Section 2 describes the methodologies used to conduct the mixed icing 
endurance time tests;  

b) Section 3 describes data collected during the test session; 

c) Section 4 describes the results from the testing, as well as the related 
guidance development activities; 

d) Section 5 provides a summary of the conclusions; and 

e) Section 6 provides a summary of the recommendations. 
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2. METHODOLOGY 
 
This section provides a brief description of the test methodologies and equipment 
used during the mixed icing endurance time testing conducted at the NRC Climatic 
Engineering Facility (CEF). 
 
 
2.1 Test Location and Schedule 
 
All 2022-23 mixed icing endurance time testing was conducted in simulated 
conditions at the NRC CEF. Photo 2.1 provides an outdoor view of the facility, giving 
a general indication of its size (30 m by 5.4 m, height 8 m). The facility was originally 
designed for the testing of locomotives; Photo 2.2 provides an interior view of the 
CEF set up for general endurance time testing. The facility is temperature-controlled 
and equipped with a sprayer system capable of producing multiple types of simulated 
freezing precipitation. 
 
Testing was conducted over a three-week period beginning on February 27, 2023. 
The test calendar is shown below in Figure 2.1. 
 
 

 
Figure 2.1: NRC CEF Mixed Snow and Freezing Fog Test Calendar 

 
Due to the exploratory nature of the work performed, a daily review discussion was 
held at the conclusion of each day with TC, the FAA, and APS. During these 
discussions, the group reviewed the daily test results and discussed the test plan for 
the following day. 
 
 

Week of Sun Mon Tue Wed Thurs Fri Sat

19-Feb-23

26-Feb-23 Travel to NRC
Set-Up Day

R/SN
Calibration

5-Mar-23 R/SN Testing
SN/R Testing

+
ZR/SN Testing

12-Mar-23

19-Mar-23

R/SN Testing

SN/ZF Testing

SN/ZF Testing
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2.2 Mixed Icing Conditions and Sub-Objectives 
 
Several different mixed icing conditions and testing objectives were evaluated during 
the 2022-23 testing session. The conditions and objectives are described in the 
following subsections. 
 
 
2.2.1 Mixed Snow and Freezing Fog Testing 
 
APS conducted endurance time testing in 2022-23 in mixed snow and freezing fog 
conditions to further advance the work that was begun in 2021-22. This work was 
subdivided into sub-objectives, which are described in the following subsections. 
 
 
2.2.1.1 Type I Testing (Improved Methodology) 
 
APS conducted endurance time testing in 2021-22 to develop operational guidance 
for use of Type I fluids in mixed snow and freezing fog; this work and the 
recommendations that emerged are documented in TP 15540E (1).  
 
APS developed an improved Type I testing methodology over the course of the 
2021-22 test session, where simulated snow application was conducted over 
one-minute cycles as opposed to the five-minute application cycle used in 
Type II/III/IV fluid testing. The shorter cycle resulted in a steadier precipitation rate 
over the test duration, which was deemed necessary to minimize variance in the 
measured Type I endurance times. 
 
It was recommended that additional data collection be conducted in 2022-23 using 
the improved testing method to provide the basis for refining the available guidance.  
 
 
2.2.1.2 Modified Snow-Only Baseline Testing 
 
During the 2021-22 mixed snow and freezing fog testing, snow-only baseline tests 
were conducted with the fog sprayer in position over the test stand and spraying air 
(no fog). These snow-only baseline tests were part of the analysis that ultimately led 
to the publication of generic mixed snow and freezing fog HOT guidance with values 
set at 50 percent of the generic snow HOT values. This work was documented in 
TP 15540E (1). 
 
It was recognized during the 2022-23 testing session that the test methodology may 
have had unintended impacts on the resulting endurance times recorded, as the 
active air spray was observed to disrupt the spray pattern of the simulated snow 
during application. Therefore, new snow-only baseline tests with no active air spray 
from the fog sprayer were conducted to evaluate what effect the previous 
methodology may have had on the resulting findings and guidance. 
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2.2.1.3 Testing with Reduced Fog Rates 
 
APS conducted endurance time testing in 2021-22 to develop operational guidance 
for use of Type II/III/IV fluids in mixed snow and freezing fog; this work and the 
recommendations that emerged are documented in TP 15540E (1).  
 
During analytical discussions relating to the work conducted in 2021-22, it was 
suggested that the freezing fog rate of 2 g/dm²/h used in the mixed condition tests 
that formed the basis of the resulting HOT guidance may be overly conservative 
when compared to typical freezing fog rates experienced in operations.  
 
One recommendation that emerged from TP 15540E (1) was to conduct additional 
tests with Type II/III/IV fluids in mixed snow and freezing fog with a reduced freezing 
fog rate of 1 g/dm²/h to assess the differing impact of lower-rate fog in the mixed 
condition, with the end goal of refining the HOT guidance for this condition. 
 
 
2.2.1.4 Heavy Snow Rate Testing 
 
Following review of the 2021-22 test results and consultations with TC and the FAA, 
a generic mixed snow and freezing fog HOT table was created for publication in the 
2022-23 TC/FAA HOT Guidelines.  
 
One limitation of the resulting guidance table was the requirement that operators use 
the table in conjunction with the TC/FAA “Snowfall Intensities as a Function of 
Prevailing Visibility” tables. No HOTs are provided for mixed snow and freezing fog 
if use of the visibility tables prescribes a “Heavy” snowfall intensity.  
 
Due to the obscuring nature of fog, most cases where fog and snow are reported in 
tandem will result in a reported visibility corresponding to the “Heavy” snowfall 
intensity classification in the visibility tables (even if the true snowfall intensity is 
moderate or lighter), which results in no HOT guidance being available. 
 
One recommendation that emerged from TP 15540E (1) was to develop a modified 
mixed snow and freezing fog test protocol that incorporated higher rates of snow to 
characterize the impacts of added freezing fog in a heavy snow scenario. 
 
This work was exploratory in nature and was not expected to produce guidance for 
2022-23, as several other operational considerations exist for operations in heavy 
snow that were not yet addressed. 
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2.2.2 Mixed Snow and Rain Testing 
 
In the winter of 2008-09, APS conducted research to develop HOT guidance for 
conditions of light snow mixed with rain. This was achieved by conducting tests in 
mixed light snow and rain conditions; the resulting endurance times were found to 
be comparable to light freezing rain endurance times, and guidance was issued 
allowing the use of light freezing rain HOTs in conditions of light snow mixed with 
rain. This work is documented in the TC report, TP 14936E, Aircraft Ground Icing 
General Research Activities During the 2008-09 Winter (2). 
 
As there is currently no HOT guidance available for conditions of moderate snow 
mixed with rain (and moderate rain mixed with snow), it was recommended that APS 
conduct endurance time testing in 2022-23 in mixed snow and rain conditions to 
support the objective of HOT guidance development for this mixed condition. This 
included evaluation of both “Moderate Snow and Rain” and “Moderate Rain and 
Snow” conditions in different rate combinations, differentiated by which of the two 
precipitation types predominates. 
 
 
2.2.3 Mixed Freezing Rain and Snow Testing 
 
In the winter of 2008-09, APS conducted research to develop HOT guidance for 
conditions of light snow mixed with rain. This was achieved by conducting tests in 
mixed light snow and rain conditions; the resulting endurance times were found to 
be comparable to light freezing rain endurance times, and guidance was issued 
allowing the use of light freezing rain HOTs in conditions of light snow mixed with 
rain. This work is documented in TP 14936E (2). 
 
As there is currently no HOT guidance available for conditions of freezing rain mixed 
with snow, it was recommended that APS conduct preliminary endurance time 
testing in 2022-23 in mixed freezing rain and snow conditions to see if light freezing 
rain HOTs would be suitable for use in a mixed freezing rain and snow condition. 
 
 
2.3 Test Procedure 
 
To satisfy the project objectives, fluid endurance time tests were conducted in a 
variety of simulated precipitation conditions. Fluid thickness, fluid Brix, and plate 
temperature measurements were collected at regular intervals during the test runs.  
 
The general test procedure is included in Appendix B. This procedure includes details 
regarding the test objectives, test plan, test setup, test methodologies, test 
equipment used, fluids used, and other pertinent information and documentation.  
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The general APS methodology for endurance time testing in simulated freezing 
precipitation conditions is included in Appendix C. The test setup used for this project 
deviated from the standard setup used in freezing precipitation HOT testing in the 
following ways: 
 

1) Canopy tents were installed beside the test stands to shield the snow 
dispenser equipment from the freezing fog, freezing rain, and non-freezing rain 
spray; and 

2) The two test stands were oriented such that the higher edges of each plate 
were in the middle of the setup to ensure that the snow-dispensing process 
was equivalent on each stand. 

 
The general testing setup is depicted in Photo 2.3. A view of the test stand during 
application of contamination is depicted in Photo 2.4. 
 
 
2.4 Simulated Precipitation and Rate Calibration 
 
The following types of precipitation were simulated for the endurance time testing in 
the NRC CEF: 
 

• Snow; 

• Freezing Fog; 

• Freezing Rain; and 

• Rain. 
 
 
2.4.1 Simulated Snow 
 
Simulated snow consists of small ice crystals measuring less than 1.4 mm in 
diameter. Previous testing conducted by APS investigated the dissolving properties 
of the artificial snow versus natural snow. The artificial snow produced by this 
method was selected as an appropriate substitute for natural snow.  
 
The snow was manufactured inside the cooled test chamber. Cubes of ice were 
crushed and passed through calibrated sieves (see Photo 2.5) to obtain the required 
ice crystal size range. Hand-held motorized dispensers (seen in Photo 2.3) were used 
to dispense the snow during testing. 
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2.4.2 Simulated Freezing and Non-Freezing Drizzle, Rain, and Fog Precipitation 
 
The conditions of freezing and non-freezing fog, rain, and drizzle are simulated using 
an NRC-developed sprayer assembly providing a large scan area and appropriate 
spray uniformity over the test area. The scanner consists of a horizontal main shaft 
supported by two bearings. The actual spray head assembly is shaft-mounted on a 
rotating scanner so that one scan covers a lateral running strip of the test area. A 
stepper motor is synchronized to index the relative angle of the spray head between 
scans along an axis perpendicular to the scan axis. This provides two axes of 
rotation, essentially an x-y plane, one along each axis. Each scan is consecutively 
indexed to complete the precipitation coverage of the test bed area. This defines one 
cycle of the spray unit. The scan rate, index angle, and the number of scans per 
cycle are adjusted, along with the fluid delivery pressures (water and compressed 
air), to obtain appropriate droplet sizes and precipitation rates through selected 
nozzles. The sprayer assembly is shown in Photo 2.6. 
 
 
2.4.3 HOT Precipitation Rates 
 
The rate limits defined for standard HOT testing were referenced to determine appropriate 
precipitation rates for the different mixed icing combinations evaluated during the test 
session. Figure 2.2 demonstrates the relevant HOT testing precipitation rate limits for the 
precipitation types used in the testing: 
 

• Freezing Fog:   2-5 g/dm²/h; 

• Freezing Drizzle:   5-13 g/dm²/h; 

• Freezing Rain:   13-25 g/dm²/h; 

• Light Snow:   4-10 g/dm²/h; 

• Moderate Snow:   10-25 g/dm²/h; 

• Heavy Snow:   >25 g/dm²/h; and 

• Rain (Cold-Soaked Wing):   5-75 g/dm²/h. 
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Figure 2.2: HOT Precipitation Rate Limits 
 
 
2.4.4 Comparative Test Groupings 
 
For each of the research objectives evaluated, the endurance time tests performed 
were grouped to allow for comparative assessment of the effects of different 
precipitation type and rate combinations.  
 
 
2.4.4.1 Mixed Snow and Freezing Fog Test Groupings 
 
For the mixed snow and freezing fog research, snow-only tests are used as the 
baseline tests as snow is typically the predominant precipitation in the mixed 
condition. Additionally, snow HOTs are a more conservative baseline as they are 
generally shorter than freezing fog HOTs for a given fluid.  
 
The test groupings for the Type I testing with the improved methodology are shown 
in Figure 2.3. 
 
The test groupings for the reduced fog rate testing are shown in Figure 2.4. For this 
research objective, all tests apart from the “Snow 10+ Freezing Fog 1” were previously 
completed in 2021-22. 
 
The test groupings for the heavy snow rate testing are shown in Figure 2.5. 
 

ROCSW - Rain on Cold-Soaked Wing 
ZD -Freezing Drizzle 
ZR- -Light Freezing Rain 
FOG- Freezing Fog 
 

 
(g/dm²/h) 
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Figure 2.3: Test Groupings – Improved Type I Testing 

 

 
Figure 2.4: Test Groupings – Reduced Fog Rate Testing 

 

 
Figure 2.5: Test Groupings – Heavy Snow Rate Testing 
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2.4.4.2 Mixed Snow and Rain Test Groupings 
 
The test groupings for mixed snow and rain are shown below in Figure 2.6. The test 
groupings for mixed rain and snow are shown below in Figure 2.7. 
 
 

 
Figure 2.6: Test Groupings – Mixed Snow and Rain Testing 

 

 
Figure 2.7: Test Groupings – Mixed Rain and Snow Testing 

 
During the initial planning for the mixed icing test session, the baseline condition for 
the mixed snow and rain tests was expected to be light freezing rain (as indicated in 
the test procedure). During the test session, however, it was determined that rain on 
a cold-soaked wing (CSW) would be a better baseline due to the similarity in overall 
precipitation rate at the high end (the precipitation rate for the HOT condition ranges 
from 5-75 g/dm²/h). 
 
Multiple different combinations of rain and snow rates were evaluated to allow for 
better characterization of fluid performance in this mixed icing condition. 
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2.4.4.3 Mixed Freezing Rain and Snow Test Groupings 
 
The test groupings for the mixed freezing rain and snow tests are depicted below in 
Figure 2.8. 
 
 

 
Figure 2.8: Test Groupings – Mixed Freezing Rain and Snow Testing 

 
Freezing rain was used as the baseline condition for the mixed freezing rain and snow 
tests as the freezing rain HOTs are generally more conservative than the snow HOTs 
for a given fluid at a specific precipitation rate. 
 
 
2.4.5 Precipitation Rate Calibration and Rate Measurement 
 
This subsection describes the precipitation rate calibration activities conducted prior 
to and during the test session at the NRC CEF, as well the methods employed for 
determining test precipitation rates during the testing session. 
 
 
2.4.5.1 Snow Rate Calibration 
 
The simulated snow production and distribution methodology that was used in this 
comparative test methodology is not typically used during standard HOT testing. As 
such, significant effort went into calibrating the application process to ensure 
repeatability of the test results. 
 
Snow rate calibration was achieved through dry runs (no fluid applied) where known 
snow masses were applied to the test surfaces over a fixed period. The resulting 
precipitation rates were subsequently calculated for each position on the test stand 
using the measured change in mass to confirm that the achieved rates were in line 
with the targeted rate for the tests being performed and that the rate variability from 
position to position was also acceptable.  
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Initial calibration testing was first performed in 2021-22 in a refrigerated trailer at 
the APS test site near the Montréal–Pierre Elliott Trudeau International Airport (YUL) 
in Montreal, Quebec, in the weeks leading up to the NRC CEF test session. These 
initial trials involved dispensing known snow masses onto testing stands outfitted 
with collection pans and configured in the same manner as during the actual testing 
session. The collection pans were weighed before and after the application process, 
and the resulting test rates were recorded. The simulated snow was manufactured 
using the same process employed during the test session and was applied using the 
same snow-dispensing equipment and dispenser configuration as during the testing. 
The preliminary snow calibration trials are depicted in Photo 2.7. 
 

The results of the preliminary trials were used to set the initial snow mass needed to 
achieve the target snow rates in the test plan. Prior to beginning the endurance time 
tests, snow calibration runs were performed in the testing chamber at the NRC CEF 
to validate the targets established during the preliminary calibration trials. During 
these runs, it was determined that minor adjustments to the snow masses assigned 
to the snow dispensers were necessary to achieve the target snow rates evenly 
across both test stands within the CEF test chamber. Adjustments were made until 
a run with satisfactory rates across all positions was observed. 
 

To determine the test rates during snow-only tests, rate collection pans were left on 
the corner positions of each test stand during testing. At the conclusion of the test 
run (once all plates on the stands had failed), the rates accumulated in the four pans 
were calculated. The average rate of the four corner pan rates was then used as the 
test rate for each of the tests conducted on the stands. 
 

The test stand setup (with rate pans installed on the corners) is depicted in Photo 2.8.  
 
 

2.4.5.2 Rain and Freezing Precipitation Rate Calibration 
 

Simulated freezing fog, freezing rain, and non-freezing rain were created using the 
same NRC sprayer assembly that is used to generate these conditions in standard 
HOT testing. As such, the rate calibration processes employed were the same as 
those employed during a standard HOT test session. These calibration processes are 
described in detail within the SAE International (SAE) Aerospace Recommended 
Practice (ARP) 5485B, Endurance Time Test Procedures for SAE Type II/III/IV Aircraft 
Deicing/Anti-Icing Fluids (3). 
 

Described briefly, the process is as follows: the test stands were positioned in the 
testing chamber, equipped with pre-weighed rate collection pans, and subsequently 
exposed to the simulated precipitation spray for a known period. The pans were then 
weighed again, and the precipitation rate was calculated for each testing position. 
Following this, adjustments to the flow rate of the precipitation were made if the 
rates were found to be outside of the tolerance limits associated with the target rate 
being simulated (and the process was repeated). 
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To determine the test rates for the freezing fog-only tests, two cycles of 
approximately 10-minute rates were measured on each position on the test stand 
using the above process both before and after the endurance time test. The test rate 
is the average of the four rates measured in this process. 
 
 
2.4.5.3 Mixed Snow and Rain or Freezing Precipitation Rate Calibration 
 
To determine the impact that the simulated rain or freezing precipitation had on the 
simulated snow application, additional mixed condition rate calibration runs were 
performed. 
 
To calibrate the combined precipitation, the freezing precipitation/rain spray was first 
activated, and the freezing precipitation or rain rates were measured and calibrated 
to the desired target level. Once the desired rate was achieved, rate collection pans 
were installed on the test stands and known snow masses were applied for a fixed 
period. The resulting precipitation rates were subsequently calculated for each 
position on the test stand using the measured change in mass to confirm that the 
achieved rates were in line with the targeted rate for the tests being performed and 
that the rate variability from position to position was also acceptable. 
 
Analysis of the early combined calibration run results indicated that further 
adjustments to the snow quantities dispensed would be necessary on a run-by-run 
basis to offset the impact of the downwash from the rain or fog precipitation spray 
(which frequently resulted in a top stand and bottom stand differential). 
 
Due to the need to vary the snow quantities from the pre-calibration targets 
depending on the conditions of a given test, it was determined that all mixed 
precipitation test runs would be preceded by rate validation to ensure that the target 
rates were being achieved. 
 
To determine the overall test rates for the mixed condition tests, rate collection pans 
were left on the corner positions of each test stand during the test. At the conclusion 
of the test run (once all plates on the stands had failed), the rates accumulated in 
the four pans were calculated. The average rate of the four corner pan rates was 
then used as the test rate for each of the tests conducted on the stands. The 
individual snow rates were determined by subtracting the average rain/freezing 
precipitation rates measured prior to snow application from the overall test rate. 
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2.5 Photography and Videography 
 
Videography of the test runs was captured using tripod-mounted video cameras. One 
video camera was mounted on each side of the stands used for testing, and each 
test run was recorded from fluid application to fluid failure. 
 
In addition to the videography, photography depicting fluid failure was also captured 
for each individual test poured. General testing and setup photos were also captured 
during the test runs. 
 
Due to the large amount of data available, photos of the individual tests have not 
been included in this report, but the high-resolution photos and video have been 
provided to TC in electronic format and can be made available upon request. 
 
 
2.6 Personnel 
 
Four APS staff members were required on site to conduct the tests, and five 
additional APS support staff from Ottawa were tasked to manufacture and dispense 
snow as well as to help with general setup tasks. A professional photographer was 
retained to coordinate photography and videography of the test runs. Representatives 
from TC and the FAA provided direction in testing during daily conference meetings. 
 
 
2.7 Data Forms 
 
An endurance time testing data form was used to record the results of the endurance 
time tests. An additional data form was used to calculate and log the necessary snow 
quantities for each test run. Copies of these forms are provided in the test procedure, 
which is included in Appendix B. 
 
 
2.8 Fluids 
 
Six fluids were used in the mixed icing testing conducted in 2022-23. The fluids used 
and the measured viscosity (using the manufacturer method) are described below: 
 

• Dow Chemical Company UCAR™ PG Type I Aircraft Deicing Fluid Concentrate, 
a propylene glycol–based Type I fluid (viscosity not measured); 

• ChemR EG Type I Concentrate, an ethylene glycol–based Type I fluid (viscosity 
not measured); 
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• Clariant Safewing MP II Flight, a propylene glycol–based Type II fluid 
(measured viscosity 13,520 cP); 

• AllClear Systems AeroClear MAX, an ethylene glycol–based Type III fluid 
(measured viscosity 17,000 cP); 

• Cryotech Deicing Technology Polar Guard® Advance, a propylene glycol–based 
Type IV fluid (measured viscosity 14,820 cP); and 

• Dow Chemical Company UCAR™ Endurance EG106 De/Anti-Icing Fluid, an 
ethylene glycol–based Type IV fluid (measured viscosity 39,500 cP). 

 
These fluids were chosen to allow for a broad assessment of the effects of combining 
snow and freezing fog across a range of different fluid types and fluid bases. 
 
The Type I fluid was prepared in batches from concentrate, with each batch being 
diluted to the appropriate concentration to ensure a consistent 10°C buffer between 
the test temperature and the fluid freezing point.  
 
The Type II, Type III, and Type IV fluids used were all undiluted, mid-production 
viscosity samples. 
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Photo 2.1: Outside View of the NRC CEF 

 
 

Photo 2.2: Inside View of the NRC CEF Control Room 
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Photo 2.3: NRC CEF Cold Chamber and General Mixed Condition Testing Setup 

 
 

Photo 2.4: Test Stand View During Contamination 
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Photo 2.5: Calibrated Sieves Used to Obtain Desired Snow Size Distribution 

 
 

Photo 2.6: NRC Sprayer Assembly 
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Photo 2.7: Pre-Testing Snow Calibration Trials 

 
 

Photo 2.8: Mixed Conditions Test Stand with Rate Pans on Corner Positions 
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3. DATA – NRC CEF TESTING 
 
This section contains the details on the testing data obtained during the mixed icing 
endurance time testing conducted at the NRC CEF in 2022-23. 
 
 
3.1 2021-22 Test Data 
 
The modified snow-only baseline research sub-objective makes reference to test data 
collected during in 2021-22. The relevant test data from the 2021-22 mixed icing 
research endurance time testing has been included with this report in Appendix D. 
 
 
3.2 2022-23 Test Logs 
 
A total of 328 endurance time tests were conducted at the NRC CEF, broken down 
by condition as follows: 
 

• 164 tests were conducted to evaluate conditions of snow mixed with freezing 
fog; 

• 148 tests were conducted to evaluate conditions of snow mixed with rain (or 
rain mixed with snow); and 

• 16 tests conducted to evaluate conditions of snow mixed with freezing rain. 
 
Table 3.1 contains a brief description of each of the column headings found in the 
test logs. The tests conducted at the NRC CEF during the winter of 2022-23 have 
been included in three separate logs:  
 

• Table 3.2 contains the details of all tests conducted in 2022-23 to evaluate 
conditions of snow mixed with freezing fog; details from an additional 12 tests 
conducted in 2021-22 that are relevant to the analysis conducted in 2022-23 
have also been included for reference;  

• Table 3.3 contains the details of all tests conducted in 2022-23 to evaluate 
conditions of snow mixed with rain (or rain mixed with snow); and 

• Table 3.4 contains the details of all tests conducted in 2022-23 to evaluate 
conditions of snow mixed with freezing rain. 

 
These logs provide relevant information for each of the tests, as well as final values 
used for the data analysis. Each row contains data specific to one test. 
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Table 3.1: Description of Column Headings in the NRC CEF Testing Logs 

Column Heading Description 

Test # The number assigned in the test plan to identify the test 
run. 

Date The date when the test was conducted. 

Fluid Name The name of the anti-icing fluid used during the test. 

Fluid Type The type of the anti-icing fluid used during the test. 

Test Surface The material of which the test surface is composed. 

Condition The precipitation type(s) being simulated during the test. 

Testing Sub-Objective The sub-objective that the test was conducted to evaluate 
(snow and freezing fog tests only). 

Temp. (°C) The chamber temperature setting during the test. 

Target Combined Rate (g/dm²/h) The targeted rate of all components of the precipitation 
combined. 

Actual Rate (Snow Only – g/dm2/h) The measured rate of the snow component of the 
precipitation alone. 

Actual Rate (Other Precipitation Only – g/dm2/h) The measured rate of the rain or freezing precipitation 
component of the precipitation. 

Actual Rate (Combined – g/dm2/h) The measured rate of all components of the precipitation 
combined. 

Endurance Time (min) The measured endurance time of the test. 

Adjusted Endurance Time (min) The measured endurance time of the test after adjustment 
to account for rate variations relative to the target rate. 

 
 

When conducting comparative tests, it is necessary to adjust the measured 
endurance times to compensate for variations in precipitation rates within the 
individual tests. For the tests in Table 3.2, Table 3.3, and Table 3.4, this was done 
by adjusting the measured endurance time for each test by a linear ratio, which is 
determined by the average rate of precipitation (combined or individual) measured 
over the course of each individual test as compared to the targeted rate of the 
baseline test. The endurance times were adjusted based on a linear relationship with 
the following formula: 
 
 

 
 
 
 

 
 

These adjustments were made to allow for the direct comparison of tests with the 
same target combined rate of precipitation.

Adjusted Endurance Time = Actual Endurance Time x Actual Rate of Precipitation 
Target Rate of Precipitation 
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Table 3.2: Test Log – Mixed Snow and Freezing Fog Endurance Time Testing at the NRC CEF 

Test # Date Fluid Name Fluid 
Type Test Surface Condition Testing Sub-Objective Temp. 

(°C) 

Target 
Combined 

Rate 
(g/dm²/h) 

Actual Rate 
(Snow Only) 

Actual 
Rate 

(Freezing 
Fog Only) 

Actual 
Rate 

(Combined) 

Endurance 
Time 
(min) 

Adjusted 
Endurance 

Time 
(min) 

0-151A 8-Mar-22 Dow PG ADF 
Concentrate I Aluminum Light Snow Type I Testing (Improved 

Methodology) -3 10 10.5 - - 8.5 8.9 

0-152A 8-Mar-22 Dow PG ADF 
Concentrate I Aluminum Light Snow Type I Testing (Improved 

Methodology) -3 10 10.5 - - 8.5 8.9 

0-159A 8-Mar-22 Dow PG ADF 
Concentrate I Composite Light Snow Type I Testing (Improved 

Methodology) -3 10 10.5 - - 4.4 4.6 

0-160A 8-Mar-22 Dow PG ADF 
Concentrate I Composite Light Snow Type I Testing (Improved 

Methodology) -3 10 10.5 - - 4.4 4.6 

0-269A 11-Mar-22 Dow PG ADF 
Concentrate I Aluminum Light Snow Type I Testing (Improved 

Methodology) -14 10 11.3 - - 5.9 6.7 

0-270A 11-Mar-22 Dow PG ADF 
Concentrate I Aluminum Light Snow Type I Testing (Improved 

Methodology) -14 10 11.3 - - 6.2 7.1 

0-277A 11-Mar-22 Dow PG ADF 
Concentrate I Composite Light Snow Type I Testing (Improved 

Methodology) -14 10 11.3 - - 3.5 4.0 

0-278A 11-Mar-22 Dow PG ADF 
Concentrate I Composite Light Snow Type I Testing (Improved 

Methodology) -14 10 11.3 - - 4.8 5.4 

0-1115A 8-Mar-22 Dow PG ADF 
Concentrate I Aluminum Light Snow and 

Freezing Fog 
Type I Testing (Improved 

Methodology) -3 12 - - 12.5 8.3 8.6 

0-1116A 8-Mar-22 Dow PG ADF 
Concentrate I Aluminum Light Snow and 

Freezing Fog 
Type I Testing (Improved 

Methodology) -3 12 - - 12.5 8.0 8.3 

0-1117A 8-Mar-22 Dow PG ADF 
Concentrate I Composite Light Snow and 

Freezing Fog 
Type I Testing (Improved 

Methodology) -3 12 - - 12.5 4.8 5.0 

0-1118A 8-Mar-22 Dow PG ADF 
Concentrate I Composite Light Snow and 

Freezing Fog 
Type I Testing (Improved 

Methodology) -3 12 - - 12.5 4.5 4.6 

1 15-Mar-23 Dow PG ADF 
Concentrate I Aluminum Light Snow Type I Testing (Improved 

Methodology) -3 10 10.3 0 10.3 5.5 5.6 

3 15-Mar-23 Dow PG ADF 
Concentrate I Composite Light Snow Type I Testing (Improved 

Methodology) -3 10 10 0 10 3.8 3.8 

5 15-Mar-23 CHEMR REG I I Aluminum Light Snow Type I Testing (Improved 
Methodology) -3 10 9.3 0 9.3 6.4 6.0 

7 15-Mar-23 CHEMR REG I I Composite Light Snow Type I Testing (Improved 
Methodology) -3 10 9.9 0 9.9 4.3 4.3 

9 15-Mar-23 Dow PG ADF 
Concentrate I Aluminum Moderate Snow Type I Testing (Improved 

Methodology) -3 25 26.3 0 26.3 4.1 4.3 
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Table 3.2: Test Log – Mixed Snow and Freezing Fog Endurance Time Testing at the NRC CEF (cont’d) 

Test # Date Fluid Name Fluid 
Type Test Surface Condition Testing Sub-Objective Temp. 

(°C) 

Target 
Combined 

Rate 
(g/dm²/h) 

Actual Rate 
(Snow Only) 

Actual 
Rate 

(Freezing 
Fog Only) 

Actual 
Rate 

(Combined) 

Endurance 
Time 
(min) 

Adjusted 
Endurance 

Time 
(min) 

11 15-Mar-23 Dow PG ADF 
Concentrate I Composite Moderate Snow Type I Testing (Improved 

Methodology) -3 25 28.3 0 28.3 2.2 2.5 

13 15-Mar-23 CHEMR REG I I Aluminum Moderate Snow Type I Testing (Improved 
Methodology) -3 25 23 0 23 4.2 3.9 

15 15-Mar-23 CHEMR REG I I Composite Moderate Snow Type I Testing (Improved 
Methodology) -3 25 25.3 0 25.3 2.3 2.4 

17 14-Mar-23 Dow PG ADF 
Concentrate I Aluminum Light Snow Type I Testing (Improved 

Methodology) -14 10 8.6 0 8.6 3.3 2.8 

19 14-Mar-23 Dow PG ADF 
Concentrate I Composite Light Snow Type I Testing (Improved 

Methodology) -14 10 9.2 0 9.2 2.2 2.0 

21 14-Mar-23 CHEMR REG I I Aluminum Light Snow Type I Testing (Improved 
Methodology) -14 10 8.9 0 8.9 3.1 2.7 

23 14-Mar-23 CHEMR REG I I Composite Light Snow Type I Testing (Improved 
Methodology) -14 10 10.2 0 10.2 2.2 2.2 

25 14-Mar-23 Dow PG ADF 
Concentrate I Aluminum Moderate Snow Type I Testing (Improved 

Methodology) -14 25 26.1 0 26.1 2.1 2.1 

27 14-Mar-23 Dow PG ADF 
Concentrate I Composite Moderate Snow Type I Testing (Improved 

Methodology) -14 25 23.9 0 23.9 1.3 1.2 

29 14-Mar-23 CHEMR REG I I Aluminum Moderate Snow Type I Testing (Improved 
Methodology) -14 25 22.2 0 22.2 3.2 2.8 

31 14-Mar-23 CHEMR REG I I Composite Moderate Snow Type I Testing (Improved 
Methodology) -14 25 23.7 0 23.7 1.3 1.2 

33 13-Mar-23 Dow PG ADF 
Concentrate I Aluminum Light Snow Type I Testing (Improved 

Methodology) -25 10 10.2 0 10.2 1.3 1.3 

35 13-Mar-23 Dow PG ADF 
Concentrate I Composite Light Snow Type I Testing (Improved 

Methodology) -25 10 10.2 0 10.2 1.1 1.1 

37 13-Mar-23 CHEMR REG I I Aluminum Light Snow Type I Testing (Improved 
Methodology) -25 10 10.2 0 10.2 1.8 1.9 

39 13-Mar-23 CHEMR REG I I Composite Light Snow Type I Testing (Improved 
Methodology) -25 10 10.2 0 10.2 1.3 1.3 

41 13-Mar-23 Dow PG ADF 
Concentrate I Aluminum Moderate Snow Type I Testing (Improved 

Methodology) -25 25 25.7 0 25.7 0.9 0.9 

43 13-Mar-23 Dow PG ADF 
Concentrate I Composite Moderate Snow Type I Testing (Improved 

Methodology) -25 25 25.7 0 25.7 1.3 1.3 

45 13-Mar-23 CHEMR REG I I Aluminum Moderate Snow Type I Testing (Improved 
Methodology) -25 25 25.7 0 25.7 1.1 1.1 
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Table 3.2: Test Log – Mixed Snow and Freezing Fog Endurance Time Testing at the NRC CEF (cont’d) 

Test # Date Fluid Name Fluid 
Type Test Surface Condition Testing Sub-Objective Temp. 

(°C) 

Target 
Combined 

Rate 
(g/dm²/h) 

Actual Rate 
(Snow Only) 

Actual 
Rate 

(Freezing 
Fog Only) 

Actual 
Rate 

(Combined) 

Endurance 
Time 
(min) 

Adjusted 
Endurance 

Time 
(min) 

47 13-Mar-23 CHEMR REG I I Composite Moderate Snow Type I Testing (Improved 
Methodology) -25 25 25.7 0 25.7 0.8 0.9 

49 16-Mar-23 Dow PG ADF 
Concentrate I Aluminum Light Snow and 

Freezing Fog 
Type I Testing (Improved 

Methodology) -3 12 8.9 2.3 10.6 6.2 5.5 

51 16-Mar-23 Dow PG ADF 
Concentrate I Composite Light Snow and 

Freezing Fog 
Type I Testing (Improved 

Methodology) -3 12 9.4 2.2 11.4 3.9 3.7 

53 16-Mar-23 CHEMR REG I I Aluminum Light Snow and 
Freezing Fog 

Type I Testing (Improved 
Methodology) -3 12 10.1 2 12.2 6.4 6.5 

55 16-Mar-23 CHEMR REG I I Composite Light Snow and 
Freezing Fog 

Type I Testing (Improved 
Methodology) -3 12 10.5 2.1 12.2 4.7 4.8 

57 16-Mar-23 Dow PG ADF 
Concentrate I Aluminum Moderate Snow 

and Freezing Fog 
Type I Testing (Improved 

Methodology) -3 27 27 2.3 29.3 3.7 4.0 

59 16-Mar-23 Dow PG ADF 
Concentrate I Composite Moderate Snow 

and Freezing Fog 
Type I Testing (Improved 

Methodology) -3 27 28.5 2.2 30.7 2.4 2.7 

61 16-Mar-23 CHEMR REG I I Aluminum Moderate Snow 
and Freezing Fog 

Type I Testing (Improved 
Methodology) -3 27 27.2 2 29.2 5.2 5.6 

63 16-Mar-23 CHEMR REG I I Composite Moderate Snow 
and Freezing Fog 

Type I Testing (Improved 
Methodology) -3 27 24.6 2.1 26.7 3.2 3.1 

65 14-Mar-23 Dow PG ADF 
Concentrate I Aluminum Light Snow and 

Freezing Fog 
Type I Testing (Improved 

Methodology) -14 12 9 2.1 11.1 3.0 2.8 

67 14-Mar-23 Dow PG ADF 
Concentrate I Composite Light Snow and 

Freezing Fog 
Type I Testing (Improved 

Methodology) -14 12 8.7 2.5 11.2 2.2 2.1 

69 14-Mar-23 CHEMR REG I I Aluminum Light Snow and 
Freezing Fog 

Type I Testing (Improved 
Methodology) -14 12 8.6 2.4 11 3.0 2.8 

71 14-Mar-23 CHEMR REG I I Composite Light Snow and 
Freezing Fog 

Type I Testing (Improved 
Methodology) -14 12 9.5 2.1 11.6 2.1 2.0 

73 14-Mar-23 Dow PG ADF 
Concentrate I Aluminum Moderate Snow 

and Freezing Fog 
Type I Testing (Improved 

Methodology) -14 27 27 2.3 29.3 2.1 2.3 

75 14-Mar-23 Dow PG ADF 
Concentrate I Composite Moderate Snow 

and Freezing Fog 
Type I Testing (Improved 

Methodology) -14 27 28.5 2.2 30.7 1.1 1.3 

77 14-Mar-23 CHEMR REG I I Aluminum Moderate Snow 
and Freezing Fog 

Type I Testing (Improved 
Methodology) -14 27 27.2 2 29.2 2.2 2.3 

79 14-Mar-23 CHEMR REG I I Composite Moderate Snow 
and Freezing Fog 

Type I Testing (Improved 
Methodology) -14 27 24.6 2.1 26.7 1.5 1.5 

81 13-Mar-23 Dow PG ADF 
Concentrate I Aluminum Light Snow and 

Freezing Fog 
Type I Testing (Improved 

Methodology) -25 12 9.6 2.3 11.9 1.4 1.4 



3.  DATA – NRC CEF TESTING 

APS/Library/Projects/301351 (TC Deicing 2022-23)/Reports/Mixed Icing Testing/Final Version 1.0/TP 15561E Final Version 1.0.docx 
Final Version 1.0, May 24 

28 

Table 3.2: Test Log – Mixed Snow and Freezing Fog Endurance Time Testing at the NRC CEF (cont’d) 

Test # Date Fluid Name Fluid 
Type Test Surface Condition Testing Sub-Objective Temp. 

(°C) 

Target 
Combined 

Rate 
(g/dm²/h) 

Actual Rate 
(Snow Only) 

Actual 
Rate 

(Freezing 
Fog Only) 

Actual 
Rate 

(Combined) 

Endurance 
Time 
(min) 

Adjusted 
Endurance 

Time 
(min) 

83 13-Mar-23 Dow PG ADF 
Concentrate I Composite Light Snow and 

Freezing Fog 
Type I Testing (Improved 

Methodology) -25 12 9.8 2.2 12 1.1 1.1 

85 13-Mar-23 CHEMR REG I I Aluminum Light Snow and 
Freezing Fog 

Type I Testing (Improved 
Methodology) -25 12 9.9 1.9 11.8 1.2 1.2 

87 13-Mar-23 CHEMR REG I I Composite Light Snow and 
Freezing Fog 

Type I Testing (Improved 
Methodology) -25 12 10 2.1 12.1 1.4 1.4 

89 13-Mar-23 Dow PG ADF 
Concentrate I Aluminum Moderate Snow 

and Freezing Fog 
Type I Testing (Improved 

Methodology) -25 27 24.1 2.3 26.4 1.1 1.1 

91 13-Mar-23 Dow PG ADF 
Concentrate I Composite Moderate Snow 

and Freezing Fog 
Type I Testing (Improved 

Methodology) -25 27 27.5 2.2 29.7 1.0 1.2 

93 13-Mar-23 CHEMR REG I I Aluminum Moderate Snow 
and Freezing Fog 

Type I Testing (Improved 
Methodology) -25 27 22.9 2 24.9 1.1 1.0 

95 13-Mar-23 CHEMR REG I I Composite Moderate Snow 
and Freezing Fog 

Type I Testing (Improved 
Methodology) -25 27 27.1 2.1 29.2 1.0 1.0 

105 16-Mar-23 
Clariant 

Safewing  
MP II FLIGHT 

II Aluminum Moderate Snow 
and Freezing Fog Reduced Fog Rate Testing -3 11 - - 11.2 109.5 111.5 

106 16-Mar-23 
Clariant 

Safewing  
MP II FLIGHT 

II Aluminum Moderate Snow 
and Freezing Fog Reduced Fog Rate Testing -3 11 - - 11.2 112.8 114.9 

107 16-Mar-23 
AllClear 

AeroClear 
MAX 

III Aluminum Moderate Snow 
and Freezing Fog Reduced Fog Rate Testing -3 11 - - 11.2 37.7 38.3 

108 16-Mar-23 
AllClear 

AeroClear 
MAX 

III Aluminum Moderate Snow 
and Freezing Fog Reduced Fog Rate Testing -3 11 - - 11.2 42.3 43.0 

109 16-Mar-23 
Cryotech 

Polar Guard 
Advance 

IV Aluminum Moderate Snow 
and Freezing Fog Reduced Fog Rate Testing -3 11 - - 11.2 128.0 130.4 

110 16-Mar-23 
Cryotech 

Polar Guard 
Advance 

IV Aluminum Moderate Snow 
and Freezing Fog Reduced Fog Rate Testing -3 11 - - 11.2 110.1 112.1 

111 16-Mar-23 Dow EG106 IV Aluminum Moderate Snow 
and Freezing Fog Reduced Fog Rate Testing -3 11 - - 11.2 96.1 97.9 

112 16-Mar-23 Dow EG106 IV Aluminum Moderate Snow 
and Freezing Fog Reduced Fog Rate Testing -3 11 - - 11.2 83.1 84.6 

169 8-Mar-23 Dow PG ADF 
Concentrate I Aluminum Heavy Snow Heavy Snow Rate Testing -3 50 51.6 0 51.6 1.4 1.4 

171 8-Mar-23 Dow PG ADF 
Concentrate I Composite Heavy Snow Heavy Snow Rate Testing -3 50 51.6 0 51.6 1.2 1.2 

173 8-Mar-23 CHEMR REG I I Aluminum Heavy Snow Heavy Snow Rate Testing -3 50 51.6 0 51.6 2.1 2.2 
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Table 3.2: Test Log – Mixed Snow and Freezing Fog Endurance Time Testing at the NRC CEF (cont’d) 

Test # Date Fluid Name Fluid 
Type Test Surface Condition Testing Sub-Objective Temp. 

(°C) 

Target 
Combined 

Rate 
(g/dm²/h) 

Actual Rate 
(Snow Only) 

Actual 
Rate 

(Freezing 
Fog Only) 

Actual 
Rate 

(Combined) 

Endurance 
Time 
(min) 

Adjusted 
Endurance 

Time 
(min) 

175 8-Mar-23 CHEMR REG I I Composite Heavy Snow Heavy Snow Rate Testing -3 50 51.6 0 51.6 1.5 1.5 

177 8-Mar-23 
Clariant 

Safewing  
MP II FLIGHT 

II Aluminum Heavy Snow Heavy Snow Rate Testing -3 50 51.6 0 51.6 18.1 18.7 

178 8-Mar-23 
Clariant 

Safewing  
MP II FLIGHT 

II Aluminum Heavy Snow Heavy Snow Rate Testing -3 50 51.6 0 51.6 18.2 18.7 

179 8-Mar-23 
AllClear 

AeroClear 
MAX 

III Aluminum Heavy Snow Heavy Snow Rate Testing -3 50 51.6 0 51.6 19.5 20.1 

180 8-Mar-23 
AllClear 

AeroClear 
MAX 

III Aluminum Heavy Snow Heavy Snow Rate Testing -3 50 51.6 0 51.6 20.1 20.8 

181 8-Mar-23 
Cryotech 

Polar Guard 
Advance 

IV Aluminum Heavy Snow Heavy Snow Rate Testing -3 50 51.6 0 51.6 21.0 21.7 

182 8-Mar-23 
Cryotech 

Polar Guard 
Advance 

IV Aluminum Heavy Snow Heavy Snow Rate Testing -3 50 51.6 0 51.6 23.1 23.8 

183 8-Mar-23 Dow EG106 IV Aluminum Heavy Snow Heavy Snow Rate Testing -3 50 51.6 0 51.6 36.3 37.4 

184 8-Mar-23 Dow EG106 IV Aluminum Heavy Snow Heavy Snow Rate Testing -3 50 51.6 0 51.6 37.0 38.1 

185 8-Mar-23 Dow PG ADF 
Concentrate I Aluminum Heavy Snow Heavy Snow Rate Testing -3 100 100.3 0 100.3 0.8 0.8 

187 8-Mar-23 Dow PG ADF 
Concentrate I Composite Heavy Snow Heavy Snow Rate Testing -3 100 100.3 0 100.3 0.5 0.5 

189 8-Mar-23 CHEMR REG I I Aluminum Heavy Snow Heavy Snow Rate Testing -3 100 100.3 0 100.3 1.3 1.3 

191 8-Mar-23 CHEMR REG I I Composite Heavy Snow Heavy Snow Rate Testing -3 100 100.3 0 100.3 0.9 0.9 

265 9-Mar-23 Dow PG ADF 
Concentrate I Aluminum Heavy Snow and 

Freezing Fog Heavy Snow Rate Testing -3 52 - - 52.3 2.5 2.5 

267 9-Mar-23 Dow PG ADF 
Concentrate I Composite Heavy Snow and 

Freezing Fog Heavy Snow Rate Testing -3 52 - - 45.2 1.6 1.4 

269 9-Mar-23 CHEMR REG I I Aluminum Heavy Snow and 
Freezing Fog Heavy Snow Rate Testing -3 52 - - 51.7 2.6 2.6 

271 9-Mar-23 CHEMR REG I I Composite Heavy Snow and 
Freezing Fog Heavy Snow Rate Testing -3 52 - - 47.5 1.5 1.3 

273 9-Mar-23 
Clariant 

Safewing  
MP II FLIGHT 

II Aluminum Heavy Snow and 
Freezing Fog Heavy Snow Rate Testing -3 52 - - 52.3 25.4 25.5 



3.  DATA – NRC CEF TESTING 

APS/Library/Projects/301351 (TC Deicing 2022-23)/Reports/Mixed Icing Testing/Final Version 1.0/TP 15561E Final Version 1.0.docx 
Final Version 1.0, May 24 

30 

Table 3.2: Test Log – Mixed Snow and Freezing Fog Endurance Time Testing at the NRC CEF (cont’d) 

Test # Date Fluid Name Fluid 
Type Test Surface Condition Testing Sub-Objective Temp. 

(°C) 

Target 
Combined 

Rate 
(g/dm²/h) 

Actual Rate 
(Snow Only) 

Actual 
Rate 

(Freezing 
Fog Only) 

Actual 
Rate 

(Combined) 

Endurance 
Time 
(min) 

Adjusted 
Endurance 

Time 
(min) 

274 9-Mar-23 
Clariant 

Safewing  
MP II FLIGHT 

II Aluminum Heavy Snow and 
Freezing Fog Heavy Snow Rate Testing -3 52 - - 51.7 23.2 23.1 

275 9-Mar-23 
AllClear 

AeroClear 
MAX 

III Aluminum Heavy Snow and 
Freezing Fog Heavy Snow Rate Testing -3 52 - - 45.2 18.8 16.3 

276 9-Mar-23 
AllClear 

AeroClear 
MAX 

III Aluminum Heavy Snow and 
Freezing Fog Heavy Snow Rate Testing -3 52 - - 47.5 22.3 20.3 

277 9-Mar-23 
Cryotech 

Polar Guard 
Advance 

IV Aluminum Heavy Snow and 
Freezing Fog Heavy Snow Rate Testing -3 52 - - 45.2 35.6 30.9 

278 9-Mar-23 
Cryotech 

Polar Guard 
Advance 

IV Aluminum Heavy Snow and 
Freezing Fog Heavy Snow Rate Testing -3 52 - - 47.5 29.0 26.5 

279 9-Mar-23 Dow EG106 IV Aluminum Heavy Snow and 
Freezing Fog Heavy Snow Rate Testing -3 52 - - 52.3 39.7 39.9 

280 9-Mar-23 Dow EG106 IV Aluminum Heavy Snow and 
Freezing Fog Heavy Snow Rate Testing -3 52 - - 51.7 51.7 51.4 

281 9-Mar-23 Dow PG ADF 
Concentrate I Aluminum Heavy Snow and 

Freezing Fog Heavy Snow Rate Testing -3 102 - - 102.5 1.5 1.5 

283 9-Mar-23 Dow PG ADF 
Concentrate I Composite Heavy Snow and 

Freezing Fog Heavy Snow Rate Testing -3 102 - - 100.1 0.7 0.7 

285 9-Mar-23 CHEMR REG I I Aluminum Heavy Snow and 
Freezing Fog Heavy Snow Rate Testing -3 102 - - 111.1 1.3 1.5 

287 9-Mar-23 CHEMR REG I I Composite Heavy Snow and 
Freezing Fog Heavy Snow Rate Testing -3 102 - - 93.6 0.9 0.9 

289 9-Mar-23 
Clariant 

Safewing  
MP II FLIGHT 

II Aluminum Heavy Snow and 
Freezing Fog Heavy Snow Rate Testing -3 102 - - 102.5 8.4 8.4 

290 9-Mar-23 
Clariant 

Safewing  
MP II FLIGHT 

II Aluminum Heavy Snow and 
Freezing Fog Heavy Snow Rate Testing -3 102 - - 111.1 8.2 8.9 

291 9-Mar-23 
AllClear 

AeroClear 
MAX 

III Aluminum Heavy Snow and 
Freezing Fog Heavy Snow Rate Testing -3 102 - - 100.1 11.8 11.5 

292 9-Mar-23 
AllClear 

AeroClear 
MAX 

III Aluminum Heavy Snow and 
Freezing Fog Heavy Snow Rate Testing -3 102 - - 93.6 13.7 12.6 

293 9-Mar-23 
Cryotech 

Polar Guard 
Advance 

IV Aluminum Heavy Snow and 
Freezing Fog Heavy Snow Rate Testing -3 102 - - 102.5 14.8 14.9 

294 9-Mar-23 
Cryotech 

Polar Guard 
Advance 

IV Aluminum Heavy Snow and 
Freezing Fog Heavy Snow Rate Testing -3 102 - - 111.1 15.1 16.4 

295 9-Mar-23 Dow EG106 IV Aluminum Heavy Snow and 
Freezing Fog Heavy Snow Rate Testing -3 102 - - 100.1 21.7 21.3 
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Table 3.2: Test Log – Mixed Snow and Freezing Fog Endurance Time Testing at the NRC CEF (cont’d) 

Test # Date Fluid Name Fluid 
Type Test Surface Condition Testing Sub-Objective Temp. 

(°C) 

Target 
Combined 

Rate 
(g/dm²/h) 

Actual Rate 
(Snow Only) 

Actual 
Rate 

(Freezing 
Fog Only) 

Actual 
Rate 

(Combined) 

Endurance 
Time 
(min) 

Adjusted 
Endurance 

Time 
(min) 

296 9-Mar-23 Dow EG106 IV Aluminum Heavy Snow and 
Freezing Fog Heavy Snow Rate Testing -3 102 - - 93.6 23.9 21.9 

E1 8-Mar-23 
Clariant 

Safewing  
MP II FLIGHT 

II Aluminum Heavy Snow Heavy Snow Rate Testing -3 100 100.3 0 100.3 7.6 7.7 

E2 8-Mar-23 
Clariant 

Safewing  
MP II FLIGHT 

II Aluminum Heavy Snow Heavy Snow Rate Testing -3 100 100.3 0 100.3 8.2 8.2 

E3 8-Mar-23 
AllClear 

AeroClear 
MAX 

III Aluminum Heavy Snow Heavy Snow Rate Testing -3 100 100.3 0 100.3 10.1 10.1 

E4 8-Mar-23 
AllClear 

AeroClear 
MAX 

III Aluminum Heavy Snow Heavy Snow Rate Testing -3 100 100.3 0 100.3 11.4 11.4 

E5 8-Mar-23 
Cryotech 

Polar Guard 
Advance 

IV Aluminum Heavy Snow Heavy Snow Rate Testing -3 100 100.3 0 100.3 10.3 10.3 

E6 8-Mar-23 
Cryotech 

Polar Guard 
Advance 

IV Aluminum Heavy Snow Heavy Snow Rate Testing -3 100 100.3 0 100.3 12.0 12.0 

E7 8-Mar-23 Dow EG106 IV Aluminum Heavy Snow Heavy Snow Rate Testing -3 100 100.3 0 100.3 18.4 18.4 

E8 8-Mar-23 Dow EG106 IV Aluminum Heavy Snow Heavy Snow Rate Testing -3 100 100.3 0 100.3 20.2 20.3 

E9 9-Mar-23 
AllClear 

AeroClear 
MAX 

III Aluminum Heavy Snow and 
Freezing Fog Heavy Snow Rate Testing -3 52 - - 52.3 20.1 20.2 

E10 9-Mar-23 
AllClear 

AeroClear 
MAX 

III Aluminum Heavy Snow and 
Freezing Fog Heavy Snow Rate Testing -3 52 - - 45.2 21.8 18.9 

E11 9-Mar-23 
AllClear 

AeroClear 
MAX 

III Aluminum Heavy Snow and 
Freezing Fog Heavy Snow Rate Testing -3 52 - - 47.5 19.5 17.8 

E12 9-Mar-23 
AllClear 

AeroClear 
MAX 

III Aluminum Heavy Snow and 
Freezing Fog Heavy Snow Rate Testing -3 52 - - 51.7 19.7 19.6 

E13 9-Mar-23 
Clariant 

Safewing  
MP II FLIGHT 

II Aluminum Heavy Snow Heavy Snow Rate Testing -3 150 - - 159.9 6.5 6.9 

E14 9-Mar-23 
Clariant 

Safewing  
MP II FLIGHT 

II Aluminum Heavy Snow Heavy Snow Rate Testing -3 150 - - 147.2 5.6 5.5 

E15 9-Mar-23 
AllClear 

AeroClear 
MAX 

III Aluminum Heavy Snow Heavy Snow Rate Testing -3 150 - - 160.4 7.4 7.9 

E16 9-Mar-23 
AllClear 

AeroClear 
MAX 

III Aluminum Heavy Snow Heavy Snow Rate Testing -3 150 - - 142.3 8.3 7.9 

E17 9-Mar-23 
Cryotech 

Polar Guard 
Advance 

IV Aluminum Heavy Snow Heavy Snow Rate Testing -3 150 - - 160.4 6.2 6.6 
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Table 3.2: Test Log – Mixed Snow and Freezing Fog Endurance Time Testing at the NRC CEF (cont’d) 

Test # Date Fluid Name Fluid 
Type Test Surface Condition Testing Sub-Objective Temp. 

(°C) 

Target 
Combined 

Rate 
(g/dm²/h) 

Actual Rate 
(Snow Only) 

Actual 
Rate 

(Freezing 
Fog Only) 

Actual 
Rate 

(Combined) 

Endurance 
Time 
(min) 

Adjusted 
Endurance 

Time 
(min) 

E18 9-Mar-23 
Cryotech 

Polar Guard 
Advance 

IV Aluminum Heavy Snow Heavy Snow Rate Testing -3 150 - - 142.3 5.7 5.4 

E19 9-Mar-23 Dow EG106 IV Aluminum Heavy Snow Heavy Snow Rate Testing -3 150 - - 159.9 10.2 10.9 

E20 9-Mar-23 Dow EG106 IV Aluminum Heavy Snow Heavy Snow Rate Testing -3 150 - - 147.2 10.4 10.2 

E29 17-Mar-23 
Clariant 

Safewing  
MP II FLIGHT 

II Aluminum Moderate Snow New Snow Baseline Testing -3 10 10.1 0 10.1 93.9 94.8 

E30 17-Mar-23 
Clariant 

Safewing  
MP II FLIGHT 

II Aluminum Moderate Snow New Snow Baseline Testing -3 10 10.1 0 10.1 108.4 109.4 

E31 17-Mar-23 
AllClear 

AeroClear 
MAX 

III Aluminum Moderate Snow New Snow Baseline Testing -3 10 10.1 0 10.1 43.1 43.6 

E32 17-Mar-23 
AllClear 

AeroClear 
MAX 

III Aluminum Moderate Snow New Snow Baseline Testing -3 10 10.1 0 10.1 41.7 42.1 

E33 17-Mar-23 
Cryotech 

Polar Guard 
Advance 

IV Aluminum Moderate Snow New Snow Baseline Testing -3 10 10.1 0 10.1 142.4 143.8 

E34 17-Mar-23 
Cryotech 

Polar Guard 
Advance 

IV Aluminum Moderate Snow New Snow Baseline Testing -3 10 10.1 0 10.1 116.9 118.1 

E35 17-Mar-23 Dow EG106 IV Aluminum Moderate Snow New Snow Baseline Testing -3 10 10.1 0 10.1 95.5 96.5 

E36 17-Mar-23 Dow EG106 IV Aluminum Moderate Snow New Snow Baseline Testing -3 10 10.1 0 10.1 83.2 84.0 

E37 15-Mar-23 
Clariant 

Safewing  
MP II FLIGHT 

II Aluminum Moderate Snow New Snow Baseline Testing -3 25 28.1 0 28.1 29.4 33.1 

E38 15-Mar-23 
Clariant 

Safewing  
MP II FLIGHT 

II Aluminum Moderate Snow New Snow Baseline Testing -3 25 28.1 0 28.1 33.1 37.2 

E39 15-Mar-23 
AllClear 

AeroClear 
MAX 

III Aluminum Moderate Snow New Snow Baseline Testing -3 25 28.1 0 28.1 28.8 32.4 

E40 15-Mar-23 
AllClear 

AeroClear 
MAX 

III Aluminum Moderate Snow New Snow Baseline Testing -3 25 28.1 0 28.1 22.7 25.5 

E41 15-Mar-23 
Cryotech 

Polar Guard 
Advance 

IV Aluminum Moderate Snow New Snow Baseline Testing -3 25 28.1 0 28.1 32.3 36.3 

E42 15-Mar-23 
Cryotech 

Polar Guard 
Advance 

IV Aluminum Moderate Snow New Snow Baseline Testing -3 25 28.1 0 28.1 35.0 39.3 

E43 15-Mar-23 Dow EG106 IV Aluminum Moderate Snow New Snow Baseline Testing -3 25 28.1 0 28.1 51.2 57.6 
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Table 3.2: Test Log – Mixed Snow and Freezing Fog Endurance Time Testing at the NRC CEF (cont’d) 

Test # Date Fluid Name Fluid 
Type Test Surface Condition Testing Sub-Objective Temp. 

(°C) 

Target 
Combined 

Rate 
(g/dm²/h) 

Actual Rate 
(Snow Only) 

Actual 
Rate 

(Freezing 
Fog Only) 

Actual 
Rate 

(Combined) 

Endurance 
Time 
(min) 

Adjusted 
Endurance 

Time 
(min) 

E44 15-Mar-23 Dow EG106 IV Aluminum Moderate Snow New Snow Baseline Testing -3 25 28.1 0 28.1 47.7 53.6 

E45 15-Mar-23 
Clariant 

Safewing  
MP II FLIGHT 

II Aluminum Moderate Snow New Snow Baseline Testing -14 10 9.9 0 9.9 52.1 51.5 

E46 15-Mar-23 
Clariant 

Safewing  
MP II FLIGHT 

II Aluminum Moderate Snow New Snow Baseline Testing -14 10 9.9 0 9.9 50.5 50.0 

E47 15-Mar-23 
AllClear 

AeroClear 
MAX 

III Aluminum Moderate Snow New Snow Baseline Testing -14 10 9.9 0 9.9 89.3 88.4 

E48 15-Mar-23 
AllClear 

AeroClear 
MAX 

III Aluminum Moderate Snow New Snow Baseline Testing -14 10 9.9 0 9.9 82.1 81.3 

E49 15-Mar-23 
Cryotech 

Polar Guard 
Advance 

IV Aluminum Moderate Snow New Snow Baseline Testing -14 10 9.9 0 9.9 63.4 62.8 

E50 15-Mar-23 
Cryotech 

Polar Guard 
Advance 

IV Aluminum Moderate Snow New Snow Baseline Testing -14 10 9.9 0 9.9 63.4 62.8 

E51 15-Mar-23 Dow EG106 IV Aluminum Moderate Snow New Snow Baseline Testing -14 10 9.9 0 9.9 103.6 102.6 

E52 15-Mar-23 Dow EG106 IV Aluminum Moderate Snow New Snow Baseline Testing -14 10 9.9 0 9.9 91.2 90.3 

E53 14-Mar-23 
Clariant 

Safewing  
MP II FLIGHT 

II Aluminum Moderate Snow New Snow Baseline Testing -14 25 24.9 0 24.9 26.9 26.8 

E54 14-Mar-23 
Clariant 

Safewing  
MP II FLIGHT 

II Aluminum Moderate Snow New Snow Baseline Testing -14 25 24.9 0 24.9 29.0 28.9 

E55 14-Mar-23 
AllClear 

AeroClear 
MAX 

III Aluminum Moderate Snow New Snow Baseline Testing -14 25 24.9 0 24.9 45.1 45.0 

E56 14-Mar-23 
AllClear 

AeroClear 
MAX 

III Aluminum Moderate Snow New Snow Baseline Testing -14 25 24.9 0 24.9 45.1 44.9 

E57 14-Mar-23 
Cryotech 

Polar Guard 
Advance 

IV Aluminum Moderate Snow New Snow Baseline Testing -14 25 24.9 0 24.9 32.5 32.4 

E58 14-Mar-23 
Cryotech 

Polar Guard 
Advance 

IV Aluminum Moderate Snow New Snow Baseline Testing -14 25 24.9 0 24.9 28.7 28.6 

E59 14-Mar-23 Dow EG106 IV Aluminum Moderate Snow New Snow Baseline Testing -14 25 24.9 0 24.9 54.7 54.4 

E60 14-Mar-23 Dow EG106 IV Aluminum Moderate Snow New Snow Baseline Testing -14 25 24.9 0 24.9 54.8 54.5 

E61 13-Mar-23 
Clariant 

Safewing  
MP II FLIGHT 

II Aluminum Moderate Snow New Snow Baseline Testing -25 10 10.3 0 10.3 32.5 33.4 
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Table 3.2: Test Log – Mixed Snow and Freezing Fog Endurance Time Testing at the NRC CEF (cont’d) 

Test # Date Fluid Name Fluid 
Type Test Surface Condition Testing Sub-Objective Temp. 

(°C) 

Target 
Combined 

Rate 
(g/dm²/h) 

Actual Rate 
(Snow Only) 

Actual 
Rate 

(Freezing 
Fog Only) 

Actual 
Rate 

(Combined) 

Endurance 
Time 
(min) 

Adjusted 
Endurance 

Time 
(min) 

E62 13-Mar-23 
Clariant 

Safewing  
MP II FLIGHT 

II Aluminum Moderate Snow New Snow Baseline Testing -25 10 10.3 0 10.3 31.4 32.3 

E63 13-Mar-23 
AllClear 

AeroClear 
MAX 

III Aluminum Moderate Snow New Snow Baseline Testing -25 10 10.3 0 10.3 84.3 86.8 

E64 13-Mar-23 
AllClear 

AeroClear 
MAX 

III Aluminum Moderate Snow New Snow Baseline Testing -25 10 10.3 0 10.3 77.7 80.1 

E65 13-Mar-23 
Cryotech 

Polar Guard 
Advance 

IV Aluminum Moderate Snow New Snow Baseline Testing -25 10 10.3 0 10.3 36.1 37.2 

E66 13-Mar-23 
Cryotech 

Polar Guard 
Advance 

IV Aluminum Moderate Snow New Snow Baseline Testing -25 10 10.3 0 10.3 35.4 36.4 

E67 13-Mar-23 Dow EG106 IV Aluminum Moderate Snow New Snow Baseline Testing -25 10 10.3 0 10.3 79.0 81.3 

E68 13-Mar-23 Dow EG106 IV Aluminum Moderate Snow New Snow Baseline Testing -25 10 10.3 0 10.3 81.9 84.3 

E69 13-Mar-23 
Clariant 

Safewing  
MP II FLIGHT 

II Aluminum Moderate Snow New Snow Baseline Testing -25 25 26.1 0 26.1 16.1 16.8 

E70 13-Mar-23 
Clariant 

Safewing  
MP II FLIGHT 

II Aluminum Moderate Snow New Snow Baseline Testing -25 25 26.1 0 26.1 15.3 16.0 

E71 13-Mar-23 
AllClear 

AeroClear 
MAX 

III Aluminum Moderate Snow New Snow Baseline Testing -25 25 26.1 0 26.1 28.4 29.7 

E72 13-Mar-23 
AllClear 

AeroClear 
MAX 

III Aluminum Moderate Snow New Snow Baseline Testing -25 25 26.1 0 26.1 30.4 31.7 

E73 13-Mar-23 
Cryotech 

Polar Guard 
Advance 

IV Aluminum Moderate Snow New Snow Baseline Testing -25 25 26.1 0 26.1 16.9 17.7 

E74 13-Mar-23 
Cryotech 

Polar Guard 
Advance 

IV Aluminum Moderate Snow New Snow Baseline Testing -25 25 26.1 0 26.1 17.5 18.2 

E75 13-Mar-23 Dow EG106 IV Aluminum Moderate Snow New Snow Baseline Testing -25 25 26.1 0 26.1 26.8 27.9 

E76 13-Mar-23 Dow EG106 IV Aluminum Moderate Snow New Snow Baseline Testing -25 25 26.1 0 26.1 32.3 33.7 
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Table 3.3: Test Log – Mixed Snow and Rain Endurance Time Testing at the NRC CEF 

Test 
# Date Fluid Name Fluid 

Type 
Test 

Surface Condition Temp. 
(°C) 

Target 
Combined 

Rate 
(g/dm²/h) 

Actual 
Rate 

(Snow 
Only) 

Actual Rate 
(Rain/Freezing 

Rain Only) 

Actual Rate 
(Combined) 

Endurance 
Time 
(min) 

Adjusted 
Endurance 

Time 
(min) 

1 28-Feb-23 Dow PG ADF 
Concentrate I Aluminum Moderate Rain 

mixed with Snow -3 25 0 24.6 24.6 23.9 23.6 

2 28-Feb-23 Dow PG ADF 
Concentrate I Aluminum Moderate Rain 

mixed with Snow -3 25 0 24.6 24.6 19.6 19.3 

3 28-Feb-23 Dow PG ADF 
Concentrate I Composite Moderate Rain 

mixed with Snow -3 25 0 24.9 24.9 23.4 23.3 

4 28-Feb-23 Dow PG ADF 
Concentrate I Composite Moderate Rain 

mixed with Snow -3 25 0 24.9 24.9 21.1 21.0 

5 28-Feb-23 CHEMR REG I I Aluminum Moderate Rain 
mixed with Snow -3 25 0 25.1 25.1 19.5 19.6 

6 28-Feb-23 CHEMR REG I I Aluminum Moderate Rain 
mixed with Snow -3 25 0 25.1 25.1 17.0 17.0 

7 28-Feb-23 CHEMR REG I I Composite Moderate Rain 
mixed with Snow -3 25 0 24.6 24.6 13.6 13.4 

8 28-Feb-23 CHEMR REG I I Composite Moderate Rain 
mixed with Snow -3 25 0 24.6 24.6 14.7 14.5 

9 28-Feb-23 Clariant Safewing  
MP II FLIGHT II Aluminum Moderate Rain 

mixed with Snow -3 25 0 24.7 24.7 43.0 42.5 

10 28-Feb-23 Clariant Safewing  
MP II FLIGHT II Aluminum Moderate Rain 

mixed with Snow -3 25 0 25.3 25.3 43.3 43.8 

11 28-Feb-23 AllClear AeroClear 
MAX III Aluminum Moderate Rain 

mixed with Snow -3 25 0 24.7 24.7 17.5 17.3 

12 28-Feb-23 AllClear AeroClear 
MAX III Aluminum Moderate Rain 

mixed with Snow -3 25 0 25 25 18.0 18.0 

13 28-Feb-23 Cryotech Polar Guard 
Advance IV Aluminum Moderate Rain 

mixed with Snow -3 25 0 25.5 25.5 48.9 49.9 

14 28-Feb-23 Cryotech Polar Guard 
Advance IV Aluminum Moderate Rain 

mixed with Snow -3 25 0 25.5 25.5 49.2 50.2 

15 28-Feb-23 Dow EG106 IV Aluminum Moderate Rain 
mixed with Snow -3 25 0 25.5 25.5 50.9 51.9 

16 28-Feb-23 Dow EG106 IV Aluminum Moderate Rain 
mixed with Snow -3 25 0 25.1 25.1 52.4 52.6 

17 1-Mar-23 Dow PG ADF 
Concentrate I Aluminum Moderate Rain 

mixed with Snow 0 75 22.4 54.3 76.7 6.5 6.6 

18 1-Mar-23 Dow PG ADF 
Concentrate I Aluminum Moderate Rain 

mixed with Snow 0 75 22.4 54.3 76.7 6.6 6.7 

19 1-Mar-23 Dow PG ADF 
Concentrate I Composite Moderate Rain 

mixed with Snow 0 75 25.1 52.6 77.7 4.8 5.0 

20 1-Mar-23 Dow PG ADF 
Concentrate I Composite Moderate Rain 

mixed with Snow 0 75 25.1 52.6 77.7 5.9 6.2 

21 1-Mar-23 CHEMR REG I I Aluminum Moderate Rain 
mixed with Snow 0 75 22.2 50.7 72.9 6.5 6.3 
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 Table 3.3: Test Log – Mixed Snow and Rain Endurance Time Testing at the NRC CEF (cont’d) 

Test 
# Date Fluid Name Fluid 

Type 
Test 

Surface Condition Temp. 
(°C) 

Target 
Combined 

Rate 
(g/dm²/h) 

Actual 
Rate 

(Snow 
Only) 

Actual Rate 
(Rain/Freezing 

Rain Only) 

Actual Rate 
(Combined) 

Endurance 
Time 
(min) 

Adjusted 
Endurance 

Time 
(min) 

22 1-Mar-23 CHEMR REG I I Aluminum Moderate Rain 
mixed with Snow 0 75 22.2 50.7 72.9 6.4 6.2 

23 1-Mar-23 CHEMR REG I I Composite Moderate Rain 
mixed with Snow 0 75 23.5 49.9 73.4 4.9 4.8 

24 1-Mar-23 CHEMR REG I I Composite Moderate Rain 
mixed with Snow 0 75 23.5 49.9 73.4 5.8 5.7 

25 1-Mar-23 Clariant Safewing  
MP II FLIGHT II Aluminum Moderate Rain 

mixed with Snow 0 75 24.9 51.2 76.1 16.0 16.3 

26 1-Mar-23 Clariant Safewing  
MP II FLIGHT II Aluminum Moderate Rain 

mixed with Snow 0 75 24.9 51.2 76.1 13.9 14.1 

27 1-Mar-23 AllClear AeroClear 
MAX III Aluminum Moderate Rain 

mixed with Snow 0 75 24.9 51.2 76.1 9.4 9.5 

28 1-Mar-23 AllClear AeroClear 
MAX III Aluminum Moderate Rain 

mixed with Snow 0 75 24.9 51.2 76.1 10.0 10.2 

29 1-Mar-23 Cryotech Polar Guard 
Advance IV Aluminum Moderate Rain 

mixed with Snow 0 75 24.9 51.2 76.1 17.9 18.1 

30 1-Mar-23 Cryotech Polar Guard 
Advance IV Aluminum Moderate Rain 

mixed with Snow 0 75 24.9 51.2 76.1 18.7 19.0 

31 1-Mar-23 Dow EG106 IV Aluminum Moderate Rain 
mixed with Snow 0 75 24.9 51.2 76.1 15.8 16.0 

32 1-Mar-23 Dow EG106 IV Aluminum Moderate Rain 
mixed with Snow 0 75 24.9 51.2 76.1 15.8 16.0 

33 3-Mar-23 Dow PG ADF 
Concentrate I Aluminum Moderate Rain 

mixed with Snow 0 75 10.1 67.1 77.2 10.0 10.3 

35 3-Mar-23 Dow PG ADF 
Concentrate I Composite Moderate Rain 

mixed with Snow 0 75 10.5 67.3 77.8 3.4 3.5 

37 3-Mar-23 CHEMR REG I I Aluminum Moderate Rain 
mixed with Snow 0 75 10.7 64.7 75.4 9.0 9.1 

39 3-Mar-23 CHEMR REG I I Composite Moderate Rain 
mixed with Snow 0 75 10 65.4 75.4 3.1 3.1 

41 3-Mar-23 Clariant Safewing  
MP II FLIGHT II Aluminum Moderate Rain 

mixed with Snow 0 75 8.2 64.3 72.5 16.4 15.8 

42 3-Mar-23 Clariant Safewing  
MP II FLIGHT II Aluminum Moderate Rain 

mixed with Snow 0 75 8.2 64.3 72.5 15.4 14.9 

43 3-Mar-23 AllClear AeroClear 
MAX III Aluminum Moderate Rain 

mixed with Snow 0 75 8.2 64.3 72.5 11.1 10.7 

44 3-Mar-23 AllClear AeroClear 
MAX III Aluminum Moderate Rain 

mixed with Snow 0 75 8.2 64.3 72.5 11.2 10.8 

45 3-Mar-23 Cryotech Polar Guard 
Advance IV Aluminum Moderate Rain 

mixed with Snow 0 75 8.2 64.3 72.5 17.1 16.5 

46 3-Mar-23 Cryotech Polar Guard 
Advance IV Aluminum Moderate Rain 

mixed with Snow 0 75 8.2 64.3 72.5 14.9 14.4 

47 3-Mar-23 Dow EG106 IV Aluminum Moderate Rain 
mixed with Snow 0 75 8.2 64.3 72.5 15.4 14.9 
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 Table 3.3: Test Log – Mixed Snow and Rain Endurance Time Testing at the NRC CEF (cont’d) 

Test 
# Date Fluid Name Fluid 

Type 
Test 

Surface Condition Temp. 
(°C) 

Target 
Combined 

Rate 
(g/dm²/h) 

Actual 
Rate 

(Snow 
Only) 

Actual Rate 
(Rain/Freezing 

Rain Only) 

Actual Rate 
(Combined) 

Endurance 
Time 
(min) 

Adjusted 
Endurance 

Time 
(min) 

48 3-Mar-23 Dow EG106 IV Aluminum Moderate Rain 
mixed with Snow 0 75 8.2 64.3 72.5 13.8 13.4 

49 15-Mar-23 Dow PG ADF 
Concentrate I Aluminum Moderate Snow 

mixed with Rain -3 10 10.3 0 10.3 5.5 5.6 

51 15-Mar-23 Dow PG ADF 
Concentrate I Composite Moderate Snow 

mixed with Rain -3 10 10 0 10 3.8 3.8 

53 15-Mar-23 CHEMR REG I I Aluminum Moderate Snow 
mixed with Rain -3 10 9.3 0 9.3 6.4 6.0 

55 15-Mar-23 CHEMR REG I I Composite Moderate Snow 
mixed with Rain -3 10 9.9 0 9.9 4.3 4.3 

57 17-Mar-23 Clariant Safewing  
MP II FLIGHT II Aluminum Moderate Snow 

mixed with Rain -3 10 10.1 0 10.1 93.9 94.8 

58 17-Mar-23 Clariant Safewing  
MP II FLIGHT II Aluminum Moderate Snow 

mixed with Rain -3 10 10.1 0 10.1 108.4 109.4 

59 17-Mar-23 AllClear AeroClear 
MAX III Aluminum Moderate Snow 

mixed with Rain -3 10 10.1 0 10.1 43.1 43.6 

60 17-Mar-23 AllClear AeroClear 
MAX III Aluminum Moderate Snow 

mixed with Rain -3 10 10.1 0 10.1 41.7 42.1 

61 17-Mar-23 Cryotech Polar Guard 
Advance IV Aluminum Moderate Snow 

mixed with Rain -3 10 10.1 0 10.1 142.4 143.8 

62 17-Mar-23 Cryotech Polar Guard 
Advance IV Aluminum Moderate Snow 

mixed with Rain -3 10 10.1 0 10.1 116.9 118.1 

63 17-Mar-23 Dow EG106 IV Aluminum Moderate Snow 
mixed with Rain -3 10 10.1 0 10.1 95.5 96.5 

64 17-Mar-23 Dow EG106 IV Aluminum Moderate Snow 
mixed with Rain -3 10 10.1 0 10.1 83.2 84.0 

65 15-Mar-23 Dow PG ADF 
Concentrate I Aluminum Moderate Snow 

mixed with Rain -3 25 30.6 0 30.6 4.1 5.0 

67 15-Mar-23 Dow PG ADF 
Concentrate I Composite Moderate Snow 

mixed with Rain -3 25 26.4 0 26.4 2.2 2.3 

69 15-Mar-23 CHEMR REG I I Aluminum Moderate Snow 
mixed with Rain -3 25 26.7 0 26.7 4.2 4.5 

71 15-Mar-23 CHEMR REG I I Composite Moderate Snow 
mixed with Rain -3 25 23.8 0 23.8 2.3 2.2 

73 15-Mar-23 Clariant Safewing  
MP II FLIGHT II Aluminum Moderate Snow 

mixed with Rain -3 25 28.1 0 28.1 29.4 33.1 

74 15-Mar-23 Clariant Safewing  
MP II FLIGHT II Aluminum Moderate Snow 

mixed with Rain -3 25 28.1 0 28.1 33.1 37.2 

75 15-Mar-23 AllClear AeroClear 
MAX III Aluminum Moderate Snow 

mixed with Rain -3 25 28.1 0 28.1 28.8 32.4 

76 15-Mar-23 AllClear AeroClear 
MAX III Aluminum Moderate Snow 

mixed with Rain -3 25 28.1 0 28.1 22.7 25.5 

77 15-Mar-23 Cryotech Polar Guard 
Advance IV Aluminum Moderate Snow 

mixed with Rain -3 25 28.1 0 28.1 32.3 36.3 



3.  DATA – NRC CEF TESTING 

APS/Library/Projects/301351 (TC Deicing 2022-23)/Reports/Mixed Icing Testing/Final Version 1.0/TP 15561E Final Version 1.0.docx 
Final Version 1.0, May 24 

38 

 Table 3.3: Test Log – Mixed Snow and Rain Endurance Time Testing at the NRC CEF (cont’d) 

Test 
# Date Fluid Name Fluid 

Type 
Test 

Surface Condition Temp. 
(°C) 

Target 
Combined 

Rate 
(g/dm²/h) 

Actual 
Rate 

(Snow 
Only) 

Actual Rate 
(Rain/Freezing 

Rain Only) 

Actual Rate 
(Combined) 

Endurance 
Time 
(min) 

Adjusted 
Endurance 

Time 
(min) 

78 15-Mar-23 Cryotech Polar Guard 
Advance IV Aluminum Moderate Snow 

mixed with Rain -3 25 28.1 0 28.1 35.0 39.3 

79 15-Mar-23 Dow EG106 IV Aluminum Moderate Snow 
mixed with Rain -3 25 28.1 0 28.1 51.2 57.6 

80 15-Mar-23 Dow EG106 IV Aluminum Moderate Snow 
mixed with Rain -3 25 28.1 0 28.1 47.7 53.6 

R1 28-Feb-23 Dow PG ADF 
Concentrate I Aluminum Moderate Snow 

mixed with Rain -3 25 0 24.6 24.6 23.9 23.6 

R2 28-Feb-23 Dow PG ADF 
Concentrate I Aluminum Moderate Snow 

mixed with Rain -3 25 0 24.6 24.6 19.6 19.3 

R3 28-Feb-23 Dow PG ADF 
Concentrate I Composite Moderate Snow 

mixed with Rain -3 25 0 24.9 24.9 23.4 23.3 

R4 28-Feb-23 Dow PG ADF 
Concentrate I Composite Moderate Snow 

mixed with Rain -3 25 0 24.9 24.9 21.1 21.0 

R5 28-Feb-23 CHEMR REG I I Aluminum Moderate Snow 
mixed with Rain -3 25 0 25.1 25.1 19.5 19.6 

R6 28-Feb-23 CHEMR REG I I Aluminum Moderate Snow 
mixed with Rain -3 25 0 25.1 25.1 17.0 17.0 

R7 28-Feb-23 CHEMR REG I I Composite Moderate Snow 
mixed with Rain -3 25 0 24.6 24.6 13.6 13.4 

R8 28-Feb-23 CHEMR REG I I Composite Moderate Snow 
mixed with Rain -3 25 0 24.6 24.6 14.7 14.5 

R9 28-Feb-23 Clariant Safewing  
MP II FLIGHT II Aluminum Moderate Snow 

mixed with Rain -3 25 0 24.7 24.7 43.0 42.5 

R10 28-Feb-23 Clariant Safewing  
MP II FLIGHT II Aluminum Moderate Snow 

mixed with Rain -3 25 0 25.3 25.3 43.3 43.8 

R11 28-Feb-23 AllClear AeroClear 
MAX III Aluminum Moderate Snow 

mixed with Rain -3 25 0 24.7 24.7 17.5 17.3 

R12 28-Feb-23 AllClear AeroClear 
MAX III Aluminum Moderate Snow 

mixed with Rain -3 25 0 25 25 18.0 18.0 

R13 28-Feb-23 Cryotech Polar Guard 
Advance IV Aluminum Moderate Snow 

mixed with Rain -3 25 0 25.5 25.5 48.9 49.9 

R14 28-Feb-23 Cryotech Polar Guard 
Advance IV Aluminum Moderate Snow 

mixed with Rain -3 25 0 25.5 25.5 49.2 50.2 

R15 28-Feb-23 Dow EG106 IV Aluminum Moderate Snow 
mixed with Rain -3 25 0 25.5 25.5 50.9 51.9 

R16 28-Feb-23 Dow EG106 IV Aluminum Moderate Snow 
mixed with Rain -3 25 0 25.1 25.1 52.4 52.6 

225 7-Mar-23 Dow PG ADF 
Concentrate I Aluminum Moderate Snow 

mixed with Rain 0 35 26.6 12.8 39.4 4.0 4.5 

227 7-Mar-23 Dow PG ADF 
Concentrate I Composite Moderate Snow 

mixed with Rain 0 35 24.6 12 36.6 2.0 2.1 

229 7-Mar-23 CHEMR REG I I Aluminum Moderate Snow 
mixed with Rain 0 35 27.3 12.2 39.5 4.0 4.5 
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 Table 3.3: Test Log – Mixed Snow and Rain Endurance Time Testing at the NRC CEF (cont’d) 

Test 
# Date Fluid Name Fluid 

Type 
Test 

Surface Condition Temp. 
(°C) 

Target 
Combined 

Rate 
(g/dm²/h) 

Actual 
Rate 

(Snow 
Only) 

Actual Rate 
(Rain/Freezing 

Rain Only) 

Actual Rate 
(Combined) 

Endurance 
Time 
(min) 

Adjusted 
Endurance 

Time 
(min) 

231 7-Mar-23 CHEMR REG I I Composite Moderate Snow 
mixed with Rain 0 35 25.7 12.4 38.1 2.2 2.4 

233 7-Mar-23 Clariant Safewing  
MP II FLIGHT II Aluminum Moderate Snow 

mixed with Rain 0 35 25.4 12.2 37.6 33.1 35.6 

234 7-Mar-23 Clariant Safewing  
MP II FLIGHT II Aluminum Moderate Snow 

mixed with Rain 0 35 25.4 12.2 37.6 34.9 37.5 

235 7-Mar-23 AllClear AeroClear 
MAX III Aluminum Moderate Snow 

mixed with Rain 0 35 25.4 12.2 37.6 13.4 14.4 

236 7-Mar-23 AllClear AeroClear 
MAX III Aluminum Moderate Snow 

mixed with Rain 0 35 25.4 12.2 37.6 15.7 16.8 

237 7-Mar-23 Cryotech Polar Guard 
Advance IV Aluminum Moderate Snow 

mixed with Rain 0 35 25.4 12.2 37.6 35.2 37.9 

238 7-Mar-23 Cryotech Polar Guard 
Advance IV Aluminum Moderate Snow 

mixed with Rain 0 35 25.4 12.2 37.6 31.6 34.0 

239 7-Mar-23 Dow EG106 IV Aluminum Moderate Snow 
mixed with Rain 0 35 25.4 12.2 37.6 40.6 43.6 

240 7-Mar-23 Dow EG106 IV Aluminum Moderate Snow 
mixed with Rain 0 35 25.4 12.2 37.6 42.3 45.4 

241 2-Mar-23 Dow PG ADF 
Concentrate I Aluminum Moderate Snow 

mixed with Rain 0 50 23.5 25.3 48.8 5.5 5.4 

243 2-Mar-23 Dow PG ADF 
Concentrate I Composite Moderate Snow 

mixed with Rain 0 50 28.6 25 53.6 2.2 2.4 

245 2-Mar-23 CHEMR REG I I Aluminum Moderate Snow 
mixed with Rain 0 50 25.8 25.5 51.3 4.5 4.6 

247 2-Mar-23 CHEMR REG I I Composite Moderate Snow 
mixed with Rain 0 50 22.3 25.6 47.9 2.4 2.3 

249 2-Mar-23 Clariant Safewing  
MP II FLIGHT II Aluminum Moderate Snow 

mixed with Rain 0 50 23.9 24.7 48.6 25.5 24.8 

250 2-Mar-23 Clariant Safewing  
MP II FLIGHT II Aluminum Moderate Snow 

mixed with Rain 0 50 23.9 24.7 48.6 27.6 26.8 

251 2-Mar-23 AllClear AeroClear 
MAX III Aluminum Moderate Snow 

mixed with Rain 0 50 23.9 24.7 48.6 13.4 13.0 

252 2-Mar-23 AllClear AeroClear 
MAX III Aluminum Moderate Snow 

mixed with Rain 0 50 23.9 24.7 48.6 11.7 11.4 

253 2-Mar-23 Cryotech Polar Guard 
Advance 

IV-
PG Aluminum Moderate Snow 

mixed with Rain 0 50 23.9 24.7 48.6 30.8 29.9 

254 2-Mar-23 Cryotech Polar Guard 
Advance 

IV-
PG Aluminum Moderate Snow 

mixed with Rain 0 50 23.9 24.7 48.6 30.2 29.4 

255 2-Mar-23 Dow EG106 IV-
EG Aluminum Moderate Snow 

mixed with Rain 0 50 23.9 24.7 48.6 39.7 38.5 

256 2-Mar-23 Dow EG106 IV-
EG Aluminum Moderate Snow 

mixed with Rain 0 50 23.9 24.7 48.6 33.4 32.5 

R17 1-Mar-23 Dow PG ADF 
Concentrate I Aluminum Moderate Snow 

mixed with Rain 0 75 22.4 54.3 76.7 6.5 6.6 
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 Table 3.3: Test Log – Mixed Snow and Rain Endurance Time Testing at the NRC CEF (cont’d) 

Test 
# Date Fluid Name Fluid 

Type 
Test 

Surface Condition Temp. 
(°C) 

Target 
Combined 

Rate 
(g/dm²/h) 

Actual 
Rate 

(Snow 
Only) 

Actual Rate 
(Rain/Freezing 

Rain Only) 

Actual Rate 
(Combined) 

Endurance 
Time 
(min) 

Adjusted 
Endurance 

Time 
(min) 

R18 1-Mar-23 Dow PG ADF 
Concentrate I Aluminum Moderate Snow 

mixed with Rain 0 75 22.4 54.3 76.7 6.6 6.7 

R19 1-Mar-23 Dow PG ADF 
Concentrate I Composite Moderate Snow 

mixed with Rain 0 75 25.1 52.6 77.7 4.8 5.0 

R20 1-Mar-23 Dow PG ADF 
Concentrate I Composite Moderate Snow 

mixed with Rain 0 75 25.1 52.6 77.7 5.9 6.2 

R21 1-Mar-23 CHEMR REG I I Aluminum Moderate Snow 
mixed with Rain 0 75 22.2 50.7 72.9 6.5 6.3 

R22 1-Mar-23 CHEMR REG I I Aluminum Moderate Snow 
mixed with Rain 0 75 22.2 50.7 72.9 6.4 6.2 

R23 1-Mar-23 CHEMR REG I I Composite Moderate Snow 
mixed with Rain 0 75 23.5 49.9 73.4 4.9 4.8 

R24 1-Mar-23 CHEMR REG I I Composite Moderate Snow 
mixed with Rain 0 75 23.5 49.9 73.4 5.8 5.7 

R25 1-Mar-23 Clariant Safewing  
MP II FLIGHT II Aluminum Moderate Snow 

mixed with Rain 0 75 24.9 51.2 76.1 16.0 16.3 

R26 1-Mar-23 Clariant Safewing  
MP II FLIGHT II Aluminum Moderate Snow 

mixed with Rain 0 75 24.9 51.2 76.1 13.9 14.1 

R27 1-Mar-23 AllClear AeroClear 
MAX III Aluminum Moderate Snow 

mixed with Rain 0 75 24.9 51.2 76.1 9.4 9.5 

R28 1-Mar-23 AllClear AeroClear 
MAX III Aluminum Moderate Snow 

mixed with Rain 0 75 24.9 51.2 76.1 10.0 10.2 

R29 1-Mar-23 Cryotech Polar Guard 
Advance 

IV-
PG Aluminum Moderate Snow 

mixed with Rain 0 75 24.9 51.2 76.1 17.9 18.1 

R30 1-Mar-23 Cryotech Polar Guard 
Advance 

IV-
PG Aluminum Moderate Snow 

mixed with Rain 0 75 24.9 51.2 76.1 18.7 19.0 

R31 1-Mar-23 Dow EG106 IV-
EG Aluminum Moderate Snow 

mixed with Rain 0 75 24.9 51.2 76.1 15.8 16.0 

R32 1-Mar-23 Dow EG106 IV-
EG Aluminum Moderate Snow 

mixed with Rain 0 75 24.9 51.2 76.1 15.8 16.0 

E5 6-Mar-23 Dow PG ADF 
Concentrate I Aluminum Moderate Snow 

mixed with Rain 0 75 4.5 71.5 76 27.6 28.0 

E6 6-Mar-23 Dow PG ADF 
Concentrate I Composite Moderate Snow 

mixed with Rain 0 75 5.2 71.8 77 39.2 40.2 

E7 6-Mar-23 CHEMR REG I I Aluminum Moderate Snow 
mixed with Rain 0 75 2.7 72.6 75.3 27.7 27.8 

E8 6-Mar-23 CHEMR REG I I Composite Moderate Snow 
mixed with Rain 0 75 4.6 70.4 75 39.2 39.2 

E9 3-Mar-23 Clariant Safewing  
MP II FLIGHT II Aluminum Moderate Snow 

mixed with Rain 0 75 - - 72.5 21.5 20.8 

E10 3-Mar-23 Clariant Safewing  
MP II FLIGHT II Aluminum Moderate Snow 

mixed with Rain 0 75 - - 72.5 20.6 20.0 

E11 3-Mar-23 AllClear AeroClear 
MAX III Aluminum Moderate Snow 

mixed with Rain 0 75 - - 72.5 12.2 11.8 
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 Table 3.3: Test Log – Mixed Snow and Rain Endurance Time Testing at the NRC CEF (cont’d) 

Test 
# Date Fluid Name Fluid 

Type 
Test 

Surface Condition Temp. 
(°C) 

Target 
Combined 

Rate 
(g/dm²/h) 

Actual 
Rate 

(Snow 
Only) 

Actual Rate 
(Rain/Freezing 

Rain Only) 

Actual Rate 
(Combined) 

Endurance 
Time 
(min) 

Adjusted 
Endurance 

Time 
(min) 

E12 3-Mar-23 AllClear AeroClear 
MAX III Aluminum Moderate Snow 

mixed with Rain 0 75 - - 72.5 11.9 11.5 

E13 3-Mar-23 Cryotech Polar Guard 
Advance 

IV-
PG Aluminum Moderate Snow 

mixed with Rain 0 75 - - 72.5 21.1 20.4 

E14 3-Mar-23 Cryotech Polar Guard 
Advance 

IV-
PG Aluminum Moderate Snow 

mixed with Rain 0 75 - - 72.5 28.6 27.7 

E15 3-Mar-23 Dow EG106 IV-
EG Aluminum Moderate Snow 

mixed with Rain 0 75 - - 72.5 20.0 19.3 

E16 3-Mar-23 Dow EG106 IV-
EG Aluminum Moderate Snow 

mixed with Rain 0 75 - - 72.5 20.6 19.9 

E17 28-Mar-23 Dow PG ADF 
Concentrate I-PG Aluminum Moderate Snow 

mixed with Rain 1 75 - - 75.4 1.9 1.9 

E18 28-Mar-23 Dow PG ADF 
Concentrate I-PG Composite Moderate Snow 

mixed with Rain 1 75 - - 76.1 2.4 2.4 

E19 28-Mar-23 CHEMR REG I I-EG Aluminum Moderate Snow 
mixed with Rain 1 75 - - 75.4 2.0 2.0 

E20 28-Mar-23 CHEMR REG I I-EG Composite Moderate Snow 
mixed with Rain 1 75 - - 76.1 1.5 1.5 

E21 28-Mar-23 Clariant Safewing  
MP II FLIGHT II Aluminum Moderate Snow 

mixed with Rain 1 75 - - 74.3 10.6 10.5 

E22 28-Mar-23 Clariant Safewing  
MP II FLIGHT II Aluminum Moderate Snow 

mixed with Rain 1 75 - - 74.4 13.0 12.9 

E23 28-Mar-23 AllClear AeroClear 
MAX III Aluminum Moderate Snow 

mixed with Rain 1 75 - - 75.5 9.4 9.5 

E24 28-Mar-23 AllClear AeroClear 
MAX III Aluminum Moderate Snow 

mixed with Rain 1 75 - - 75.9 8.4 8.5 

E25 28-Mar-23 Cryotech Polar Guard 
Advance 

IV-
PG Aluminum Moderate Snow 

mixed with Rain 1 75 - - 78 15.2 15.8 

E26 28-Mar-23 Cryotech Polar Guard 
Advance 

IV-
PG Aluminum Moderate Snow 

mixed with Rain 1 75 - - 77.7 15.7 16.3 

E27 28-Mar-23 Dow EG106 IV-
EG Aluminum Moderate Snow 

mixed with Rain 1 75 - - 74.3 17.3 17.1 

E28 28-Mar-23 Dow EG106 IV-
EG Aluminum Moderate Snow 

mixed with Rain 1 75 - - 74.4 17.6 17.5 
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Table 3.4: Test Log – Mixed Snow and Freezing Rain Endurance Time Testing at the NRC CEF 

Test 
# Date Fluid Name Fluid 

Type 
Test 

Surface Condition Temp. 
(°C) 

Target 
Combined 

Rate 
(g/dm²/h) 

Actual 
Rate 

(Snow 
Only) 

Actual Rate 
(Rain/Freezing 

Rain Only) 

Actual Rate 
(Combined) 

Endurance 
Time 
(min) 

Adjusted 
Endurance 

Time 
(min) 

9 28-Feb-23 Clariant Safewing  
MP II FLIGHT II Aluminum Light Freezing Rain -3 25 0 24.7 24.7 43.0 42.5 

10 28-Feb-23 Clariant Safewing  
MP II FLIGHT II Aluminum Light Freezing Rain -3 25 0 25.3 25.3 43.3 43.8 

11 28-Feb-23 AllClear AeroClear 
MAX III Aluminum Light Freezing Rain -3 25 0 24.7 24.7 17.5 17.3 

12 28-Feb-23 AllClear AeroClear 
MAX III Aluminum Light Freezing Rain -3 25 0 25 25 18.0 18.0 

13 28-Feb-23 Cryotech Polar Guard 
Advance IV Aluminum Light Freezing Rain -3 25 0 25.5 25.5 48.9 49.9 

14 28-Feb-23 Cryotech Polar Guard 
Advance IV Aluminum Light Freezing Rain -3 25 0 25.5 25.5 49.2 50.2 

15 28-Feb-23 Dow EG106 IV Aluminum Light Freezing Rain -3 25 0 25.5 25.5 50.9 51.9 

16 28-Feb-23 Dow EG106 IV Aluminum Light Freezing Rain -3 25 0 25.1 25.1 52.4 52.6 

41 7-Mar-23 Clariant Safewing  
MP II FLIGHT II Aluminum Light Snow and 

Freezing Rain -3 25 11.6 12.3 23.9 42.2 40.8 

42 7-Mar-23 Clariant Safewing  
MP II FLIGHT II Aluminum Light Snow and 

Freezing Rain -3 25 11.6 12.3 23.9 47.3 45.7 

43 7-Mar-23 AllClear AeroClear 
MAX III Aluminum 

Light Snow and 
Freezing Rain -3 25 11.6 12.3 23.9 17.6 17.0 

44 7-Mar-23 AllClear AeroClear 
MAX III Aluminum 

Light Snow and 
Freezing Rain -3 25 11.6 12.3 23.9 20.9 20.2 

45 7-Mar-23 Cryotech Polar Guard 
Advance IV Aluminum 

Light Snow and 
Freezing Rain -3 25 11.6 12.3 23.9 40.8 39.5 

46 7-Mar-23 Cryotech Polar Guard 
Advance IV Aluminum 

Light Snow and 
Freezing Rain -3 25 11.6 12.3 23.9 40.3 39.0 

47 7-Mar-23 Dow EG106 IV Aluminum 
Light Snow and 
Freezing Rain -3 25 11.6 12.3 23.9 51.4 49.7 

48 7-Mar-23 Dow EG106 IV Aluminum 
Light Snow and 
Freezing Rain -3 25 11.6 12.3 23.9 51.1 49.3 
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4. ANALYSIS 
 
This section contains the analytical findings related to the mixed icing conditions 
testing conducted at the NRC CEF. 
 
 
4.1 Mixed Snow and Freezing Fog Testing 
 
This subsection describes the analytical findings related to the different testing 
sub-objectives. 
 
Each test grouping contained snow-only tests, which served as the primary analytical 
baseline for the mixed snow and freezing fog tests. For each analytical grouping, the 
mixed condition test endurance times were compared to the baseline snow-only 
endurance times, and their relative performance was expressed as a ratio to assess 
the impact of the added freezing fog precipitation on the fluid performance. The ratio 
calculation is as follows: 
 
 

 
 
The relative performance ratio is referred to as the “Ratio” in the subsequent analysis 
subsections. 
 
 
4.1.1 Type I Testing (Improved Methodology) 
 
The endurance time test results for the Type I mixed snow and freezing fog fluid 
tests are summarized in Table 4.1. For each row, the ratio represents the relative 
performance of the Type I fluid in the mixed snow and freezing fog condition as 
compared to the corresponding snow-only baseline (see Figure 2.3).  
 
The Type I mixed snow and freezing fog tests showed comparable performance 
versus the snow-only baseline tests, with an overall average ratio of 104 percent 
across all tests conducted. Tests on aluminum surfaces produced an average ratio of 
109 percent and a minimum ratio of 64 percent. Tests on composite surfaces 
produced an average ratio of 109 percent and a minimum ratio of 89 percent. 
  

Relative Performance Ratio (%) =  
Adjusted Mixed Condition Test Endurance Time 

Adjusted Snow-Only Test Endurance Time 
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Table 4.1: Summary of 2022-23 Type I Mixed Snow and Freezing Fog Test Results 
(Endurance Times) 

Test 
Surface 

Temp. 
(°C) 

Target 
Snow 
Rate 

(g/dm²/h) 

Target 
Freezing 
Fog Rate 
(g/dm²/h) 

Test 
Count 

Average  
ET Ratio 

Minimum 
ET Ratio 

Aluminum 

-3 
10 2 2 85% 64% 

25 2 2 106% 95% 

-14 
10 2 2 101% 99% 

25 2 2 97% 83% 

-25 
10 2 2 103% 98% 

25 2 2 102% 80% 

All Aluminum Tests 12 99% 64% 

Composite 

-3 
10 2 2 106% 105% 

25 2 2 103% 89% 

-14 
10 2 2 99% 93% 

25 2 2 114% 107% 

-25 
10 2 2 105% 97% 

25 2 2 130% 117% 

All Composite Tests 12 109% 89% 

All Tests (All Surfaces) 24 104% 64% 

 
 
Although the Type I test methodology was improved in 2022-23 to reduce the 
variance in endurance times introduced by the test process, small variances in the 
measured endurance times can still occur because of the manual snow application 
method. These variances are of less concern for the longer-duration Type II/III/IV fluid 
tests but are more significant when evaluating the shorter-duration Type I tests.  
 
To evaluate the effect of the application cycles, or “snow bursts,” an additional 
analysis was done comparing the number of individual application cycles occurring 
in each test until failure was observed. Table 4.2 depicts the Type I mixed snow and 
freezing fog fluid test results as a function of the snow-only application cycles that 
occurred over the course of the tests as opposed to the endurance time measured. 
Expressing the results in this manner still accurately captures the performance of the 
Type I fluid in the mixed condition while reducing the impact of test process variance. 
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Table 4.2: Summary of Type I Mixed Snow and Freezing Fog Test Results 
(Application Cycles) 

Test 
Surface 

Temp. 
(°C) 

Target 
Snow 
Rate 

(g/dm²/h) 

Target 
Freezing 
Fog Rate 
(g/dm²/h) 

Test 
Count 

Average 
Application 
Cycle Ratio 

Minimum 
Application 
Cycle Ratio 

Aluminum 

-3 
10 2 2 100% 100% 

25 2 2 150% 100% 

-14 
10 2 2 133% 133% 

25 2 2 100% 100% 

-25 
10 2 2 108% 100% 

25 2 2 100% 80% 

All Aluminum Tests 12 115% 80% 

Composite 

-3 
10 2 2 100% 100% 

25 2 2 150% 100% 

-14 
10 2 2 100% 100% 

25 2 2 100% 100% 

-25 
10 2 2 100% 100% 

25 2 2 117% 100% 

All Composite Tests 12 111% 100% 

All Tests (All Surfaces) 24 113% 80% 
 
 

When evaluating the Type I mixed snow and freezing fog tests by comparing the 
number of application cycles occurring, the mixed condition tests showed 
comparable performance versus the snow-only baseline tests, with an overall average 
ratio of 113 percent across all tests conducted. Tests on aluminum surfaces 
produced an average ratio of 115 percent and a minimum ratio of 80 percent (this 
minimum value occurred in only one condition). Tests on composite surfaces 
produced an average ratio of 111 percent and a minimum ratio of 100 percent. 
 

The test results indicate that Type I fluid endurance time performance in mixed snow 
and freezing fog is generally equivalent to its snow-only endurance time performance 
in corresponding conditions. Some examples were observed where the mixed 
condition test produced a shorter endurance time result, though when the number of 
snow application cycles were considered instead of the measured endurance times, 
there was only one mixed condition test that produced a shorter result than its 
corresponding baseline. 
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The current guidance for use of Type I fluids in mixed snow and freezing fog 
conditions is to use a HOT equal to 50 percent of the corresponding snow-only 
generic Type I HOT. The test results obtained with the new methodology suggest 
that there may be potential to refine this guidance to provide a greater proportion of 
the snow-only generic times in conditions of mixed snow and freezing fog. Additional 
data collection with Type I fluids using the updated methodology is recommended to 
validate the research findings. 
 
 

4.1.2 Modified Snow-Only Baseline Testing 
 

Snow-only baseline tests were conducted using the new methodology (fog sprayer 
deactivated during baseline test), and the endurance time test results were compared 
to those obtained when the same fluids were tested in 2021-22 using the previous 
baseline test methodology (see TP 15540E [1]). 
 

For each temperature and rate combination, two tests were conducted with each of 
the Type II, Type III, and Type IV fluids used in the testing. 
 

Table 4.3 summarizes the results of the 2022-23 snow-only baseline tests versus 
the corresponding 2021-22 snow-only baseline tests. 
 

Table 4.3: 2022-23 Snow-Only Baseline Results vs. 2021-22 Snow-Only Baseline 
Results with Type II, III, and IV Fluids 

Temp. (°C) Precipitation Rate 
(g/dm²/h) 

Test 
Count 

Average Change in ET 
(2022-23 vs. 2021-22) 

-3 
10 8 -17% 

25 8 -2% 

-14 
10 8 -32% 

25 8 -13% 

-25 
10 8 -13% 

25 8 -12% 

All Tests 48 -15% 
 
 

The snow-only baseline tests performed using the 2022-23 methodology produced 
endurance times that were, on average, 15 percent shorter than those performed 
using the 2021-22 methodology. The longer baseline test results seen in 2021-22 
are believed to be the result of the active air spray from the fog sprayer disrupting 
the snow distribution during application of precipitation, resulting in longer than 
expected endurance times. If this is the case, the previous methodology may have 
produced baseline test results that resulted in overly conservative guidance.  
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During the 2021-22 mixed snow and freezing fog endurance time testing, the worst 
recorded Type II/III/IV fluid performance in mixed snow and freezing fog was equal 
to 54 percent of the equivalent snow-only baseline time. If the 2022-23 baseline 
times were used instead, this value would improve to 70 percent. Given that the 
minimum performing test was a critical factor in determining the HOT guidance, this 
could have significant implications in future guidance development. 
 
Consideration should be given to conducting additional runs of the snow-only 
baseline tests using the new test methodology to confirm that the methodology 
produces repeatable results. If this is the case, consideration should be given to 
re-evaluating the mixed snow and freezing fog data collected in 2021-22 using the 
new baseline data to potentially provide longer HOTs. 
 
 
4.1.3 Testing with Reduced Fog Rates 
 
Endurance time tests were conducted with Type II, III, and IV fluids in mixed snow 
and freezing fog at target rates of 10 g/dm²/h for snow and 1 g/dm²/h (instead of 
2 g/dm²/h) for freezing fog to evaluate the effect of testing with a reduced fog rate. 
All tests were conducted at a temperature of -3°C. 
 
The results of the reduced fog rate tests were compared to the corresponding 
snow-only baseline tests from 2021-22 to produce performance ratios. These ratios 
were then compared to those calculated from tests conducted in mixed snow and 
freezing fog at target rates of 10 g/dm²/h for snow and 2 g/dm²/h for freezing fog to 
determine the impact of reducing the fog rate. These results are summarized in 
Table 4.4. 
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Table 4.4: Reduced Fog Rate Mixed Snow and Freezing Fog Endurance Times vs. 
2021-22 Results 

 
2022-23 Results 
SN = 10, ZF = 1 

at -3°C 

2021-22 Results 
SN = 10, ZF = 2 

at -3°C 

Fluid Test 
Count 

Average 
Ratio 

Minimum 
Ratio 

Test 
Count 

Average 
Ratio 

Minimum  
Ratio 

Safewing MP II 
FLIGHT 
(Type II) 

2 122% 120% 1 109% 109% 

AeroClear MAX 
(Type III) 2 73% 69% 1 76% 76% 

Polar Guard Advance 
(Type IV) 2 70% 65% 2 67% 65% 

EG106 
(Type IV) 2 71% 66% 2 63% 62% 

All Tests 8 84% 65% 6 74% 62% 

 
 
The average performance ratio measured was 84 percent for the reduced fog rate 
tests; the minimum performance ratio for this group was 65 percent. These values 
represent slight increases over those noted for the normal fog rate tests conducted 
in 2021-22 (average ratio 74 percent, minimum ratio 62 percent), which suggests 
that testing at a reduced fog rate will produce mixed condition test results that are 
closer to their snow-only baseline results. 
 
Additional mixed snow and freezing fog testing at reduced fog rates will be necessary 
in the future to characterize the impacts across the full range of precipitation rates 
and temperatures. 
 
Photo 4.1 depicts an example of a failed Type IV fluid from the reduced fog rate 
tests. Additional high-resolution photos and video of all tests conducted have been 
provided to TC in electronic format and can be made available upon request. 
  



4.  ANALYSIS 

APS/Library/Projects/301351 (TC Deicing 2022-23)/Reports/Mixed Icing Testing/Final Version 1.0/TP 15561E Final Version 1.0.docx 
Final Version 1.0, May 24 

49 

4.1.4 Heavy Snow Rate Testing 
 
Endurance time tests were conducted using heavy snow rates (50 and 100 g/dm²/h) 
in both snow-only and mixed snow and freezing fog conditions to evaluate whether 
the addition of freezing fog has an impact on fluid endurance time performance in 
snow at high rates.  
 
The snow-only baseline tests were conducted using the 2021-22 methodology where 
the fog sprayer was positioned over the stand spraying air. 
 
 
4.1.4.1 Type I Results – Heavy Snow Rate Testing 
 
All Type I tests were conducted using the improved Type I testing methodology 
described in Subsection 2.2.1.1. 
 
The heavy snow rate test results for Type I fluids are summarized in Table 4.5. 
Performance ratios for Type I tests have been described as a function of snow 
application cycles as opposed to endurance times (see Subsection 4.1.1). 
 

Table 4.5: Type I Mixed Snow and Freezing Fog Test Results (Heavy Snow Rates) 

Test 
Surface 

Temp. 
(°C) 

Target 
Snow 
Rate 

(g/dm²/h) 

Target 
Freezing 
Fog Rate 
(g/dm²/h) 

Test 
Count 

Average 
Application 
Cycle Ratio 

Minimum 
Application 
Cycle Ratio 

Aluminum -3 
50 2 2 200% 100% 

100 2 2 150% 100% 

All Aluminum Tests 4 175% 100% 

Composite -3 
10 2 2 100% 100% 

25 2 2 100% 100% 

All Composite Tests 4 100% 100% 

All Tests (All Surfaces) 8 138% 100% 

 
 

The addition of freezing fog to heavy snow did not have a worsening effect on the 
measured Type I fluid performance. There were no instances in which the mixed 
snow and freezing fog condition produced a worse result than the corresponding 
snow-only baseline. 
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4.1.4.2 Type II/III/IV Fluid Results – Heavy Snow Rate Testing 
 
The heavy snow rate test results for Type II, Type III, and Type IV fluids are summarized 
in Table 4.6. 
 

Table 4.6: Type II, Type III, and Type IV Mixed Snow and Freezing Fog Test Results 
(Heavy Snow Rates) 

Fluid Temp. 
(°C) 

Target 
Snow Rate 
(g/dm²/h) 

Target 
Freezing 
Fog Rate 
(g/dm²/h) 

Test 
Count 

Average  
ET Ratio 

Minimum  
ET Ratio 

Safewing 
MP II 

FLIGHT 
-3 

50 2 2 130% 124% 

100 2 2 109% 106% 

AeroClear 
MAX -3 

50 2 6 92% 80% 

100 2 2 112% 107% 

Polar Guard 
Advance -3 

50 2 2 126% 116% 

100 2 2 140% 133% 

EG106 -3 
50 2 2 121% 106% 

100 2 2 112% 110% 

All Tests 8 138% 80% 

 
 
In most cases, the addition of freezing fog resulted in endurance times that were 
longer than the corresponding snow-only baselines. The only exceptions were the 
tests conducted with the Type III fluid at a target rate of 50+2, which consistently 
produced results that were slightly shorter than the corresponding baseline. This test 
was repeated a total of six times to confirm that the observed results were 
repeatable. 
 
The results suggest that the addition of freezing fog to heavy snow has a negligible 
negative effect on the measured Type II/III/IV fluid performance in most but not all 
cases. If the rate is sufficiently high (100 g/dm²/h), then it is likely that the impact 
of the freezing fog would be negligible. 
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4.2 Mixed Snow and Rain Testing 
 
Endurance time tests were conducted in mixed snow and rain at a series of different 
rate combinations to support the development of HOT guidance for the mixed 
conditions of moderate snow mixed with rain and moderate rain mixed with snow. 
All mixed condition tests were conducted at a temperature of 0°C. 
 
The results of the mixed condition tests were compared to rain on a cold-soaked 
wing baseline tests to produce relative performance ratios. 
 
 
4.2.1 Type I Test Results – Mixed Snow and Rain Testing vs. Rain on CSW 
 
The Type I results are summarized below in Table 4.7.  
 

Table 4.7: Type I Test Results Mixed Snow and Rain vs. Rain on CSW 

Test 
Surface 

Temp. 
(°C) 

Target 
Snow 
Rate 

(g/dm²/h) 

Target 
Rain Rate 
(g/dm²/h) 

Test 
Count 

Average  
ET Ratio 

Minimum  
ET Ratio 

Aluminum 0 

25 13 2 254% 249% 

25 25 2 280% 249% 

25 50 4 356% 348% 

10 65 2 534% 497% 

3 72 2 1423% 1393% 

All Aluminum Tests 12 534% 249% 

Composite 0 

25 13 2 163% 124% 

25 25 2 163% 124% 

25 50 4 299% 207% 

10 65 2 217% 165% 

3 72 2 2171% 1654% 

All Composite Tests 12 552% 124% 

All Tests (All Surfaces) 24 543% 124% 
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The minimum ratios for each rate combination are shown in Figure 4.1 to provide a 
visual representation of the trend in Type I fluid performance as the rates of the 
constituent precipitation types are adjusted. 
 
 

 
Figure 4.1: Worst-Case Type I Performance Ratio at Different Rain and Snow Rate 

Combinations 

 
In all rate combinations tested, the Type I fluids performed better in mixed rain and 
snow (or mixed snow and rain) than in the corresponding rain on a cold-soaked wing 
baselines. The worst observed performance ratio across all Type I tests was 
124 percent, seen in both “Moderate Snow mixed with Rain” combinations (25+25 
and 25+13). 
 
The data collected suggests that the rain on a cold-soaked wing HOTs may be 
suitable for use with Type I fluids in a mixed snow and rain scenario; however, 
additional data collection should be considered to better characterize this mixed 
condition. 
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4.2.2 Type II/III/IV Test Results - Mixed Snow and Rain Testing vs. Rain on 
CSW 

 
The Type II, Type III, and Type IV fluid results are summarized below in Table 4.8.  
 

Table 4.8: Type II, Type III, and Type IV Test Results Mixed Snow and Rain vs. 
Rain on CSW 

Fluid Temp. 
(°C) 

Target 
Snow Rate 
(g/dm²/h) 

Target Rain 
Rate 

(g/dm²/h) 

Test 
Count 

Average  
ET Ratio 

Minimum  
ET Ratio 

Safewing 
MP II 

FLIGHT 
(Type II) 

0 

25 13 2 313% 305% 

25 25 2 221% 213% 

25 50 2 130% 121% 

10 65 2 132% 128% 

3 72 2 174% 171% 

AeroClear 
MAX 

(Type III) 
0 

25 13 2 174% 161% 

25 25 2 136% 127% 

25 50 2 110% 106% 

10 65 2 120% 119% 

3 72 2 130% 129% 

Polar Guard 
Advance 
(Type IV) 

0 

25 13 2 257% 252% 

25 25 2 205% 188% 

25 50 2 93% 93% 

10 65 2 82% 77% 

3 72 2 113% 111% 

EG106 
(Type IV) 0 

25 13 2 224% 212% 

25 25 2 185% 183% 

25 50 2 116% 113% 

10 65 2 96% 90% 

3 72 2 150% 127% 

All Tests 40 158% 77% 
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The minimum ratios for each rate combination are shown in Figure 4.2 to provide a 
visual representation of the trend in the thickened fluid performance as the rates of 
the constituent precipitation types are adjusted. 
 
 

 
Figure 4.2: Worst-Case Type II/III/IV Performance Ratio at Different Rain and 

Snow Rate Combinations 

 
The Type II/III/IV fluids showed a decreasing trend in fluid performance in the mixed 
condition compared to the baseline tests as the rain rate was increased, with the 
worst observed performance occurring at the “Rain 65 + Snow 10” combination. 
Fluid performance improved as the rain rate was increased beyond 65 (with the snow 
rate being decreased accordingly). 
 
The worst observed performance ratio across all Type II, Type III, and Type IV tests 
was 77 percent, observed with Polar Guard Advance at the “Moderate Rain mixed 
with Snow” combination of “Rain 65 + Snow 10.” 
 
The data collected indicates that fluid performance in mixed rain and snow is 
somewhat comparable to fluid performance in a rain on a cold-soaked wing condition; 
the presence of cases where the performance in the mixed condition fell short of the 
baseline performance suggests that additional data collection would be needed to 
further characterize this condition for guidance development. 
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Photo 4.2 depicts an example of a failed Type IV fluid from the moderate snow and 
rain tests (snow rate of 25 g/dm²/h, rain rate of 25 g/dm²/h). Additional high-resolution 
photos and video of all tests conducted have been provided to TC in electronic format 
and can be made available upon request. 
 
 

4.3 Mixed Freezing Rain and Snow Testing 
 

Endurance time tests were conducted with Type II, III, and IV fluids in mixed freezing 
rain and snow at target rates of 13 g/dm²/h for freezing rain and 12 g/dm²/h for snow 
to evaluate the applicability of light freezing rain HOTs to the mixed condition. All 
tests were conducted at a temperature of -3°C. 
 

The results of the mixed condition tests were compared to freezing rain–only baseline 
tests to produce relative performance ratios. These results are summarized in 
Table 4.9. 
 

Table 4.9: Test Results - Mixed Freezing Rain and Snow vs. Light Freezing Rain 

Fluid Temp. 
(°C) 

Target 
Freezing 
Rain Rate 
(g/dm²/h) 

Target 
Snow Rate 
(g/dm²/h) 

Test 
Count 

Average  
ET Ratio 

Minimum  
ET Ratio 

Safewing 
MP II 

FLIGHT 
-3 13 12 2 99% 94% 

AeroClear 
MAX -3 13 12 2 104% 95% 

Polar Guard 
Advance -3 13 12 2 78% 77% 

EG106 -3 13 12 2 94% 93% 

All Tests 8 94% 77% 

 
 

The endurance times measured in the mixed freezing rain and snow tests were 
generally comparable to the freezing rain-only baseline endurance times, with an 
average performance ratio of 94 percent across all fluids tested. The minimum 
performance ratio noted was 77 percent with Polar Guard Advance, a PG-based 
Type IV fluid. 
 

Although the preliminary data indicates that fluid performance in mixed freezing rain 
and snow is comparable to freezing rain alone (assuming similar liquid water 
equivalent [LWE] in both cases), the presence of cases where the performance in the 
mixed condition fell short of the baseline performance suggests that additional data 
collection would be needed to further characterize this condition for guidance 
development. 
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Photo 4.3 depicts an example of a failed Type IV fluid from a mixed freezing rain and 
snow test run. Additional high-resolution photos and video of all tests conducted 
have been provided to TC in electronic format and can be made available upon 
request. 
 
 
4.4 Consideration for Changes to Holdover Time Guidance Material 
 
The results of the mixed icing tests were reviewed and discussed with TC/FAA to 
determine the best path forward for further mixed icing HOT guidance development.  
 
Ultimately, due to the limited data collected for each of the different research goals, 
it was determined that additional data collection should be conducted in the 2023-24 
season to validate the findings of the 2022-23 research prior to making any changes 
to the published mixed icing conditions guidance.  
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Photo 4.1: Type IV Fluid Failure Example in Mixed Snow and Freezing Fog 

 
 

Photo 4.2: Type IV Fluid Failure Example in Mixed Snow and Rain 
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Photo 4.3: Type IV Fluid Failure Example in Mixed Snow and Freezing Rain 
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5. CONCLUSIONS 
 
The following conclusions were derived from the mixed icing conditions research 
conducted in the winter of 2022-23. 
 
 
5.1 Mixed Snow and Freezing Fog Testing 
 
This subsection contains the analytical conclusions related to the mixed snow and 
freezing fog research sub-objectives. 
 
 
5.1.1 Type I Testing (Improved Methodology) 
 
The test results obtained with the updated methodology show that Type I fluid 
endurance time performance in mixed snow and freezing fog is generally equivalent 
to its snow-only endurance time performance in corresponding conditions. Some 
examples were observed where the mixed condition test produced a shorter 
endurance time result, though when the number of snow application cycles were 
considered instead of the measured endurance times, there was only one mixed 
condition test that produced a worse result than its corresponding baseline. 
 
The results indicate that there may be potential to refine this guidance to provide a 
greater proportion of the snow-only generic times in conditions of mixed snow and 
freezing fog for Type I fluids. 
 
 
5.1.2 Modified Snow-Only Baseline Testing 
 
Snow-only baseline tests were conducted using a modified methodology (fog sprayer 
inactive during the baseline test), and the endurance time test results were compared 
to those obtained when the same fluids were tested in 2021-22. 
 
The snow-only baseline tests performed using the 2022-23 methodology produced 
endurance times that were, on average, 15 percent shorter than those performed 
using the 2021-22 methodology. This suggests that the previous methodology may 
have produced baseline test resulting in guidance that was overly conservative. With 
further validation, this could support revisiting the existing guidance for mixed 
freezing fog and snow and result in longer HOTs.  
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5.1.3 Testing with Reduced Fog Rates 
 
Endurance time tests were conducted with Type II, III, and IV fluids in mixed snow 
and freezing fog at target rates of 10 g/dm²/h for snow and 1 g/dm²/h for freezing 
fog to evaluate the effect of testing with a reduced fog rate.  
 
The average performance ratio measured was 84 percent for the reduced fog rate 
tests; the minimum performance ratio for this group was 65 percent. These values 
represent slight increases over those noted for the normal fog rate tests conducted 
in 2021-22 (average ratio 74 percent, minimum ratio 62 percent). This suggests that 
testing at a reduced fog rate will produce mixed condition test results that are closer 
to their snow-only baseline results. 
 
 
5.1.4 Heavy Snow Rate Testing 
 
The heavy snow rate test results show that the addition of freezing fog to heavy 
snow has a negligible effect on the measured fluid performance in most but not all 
cases. If the rate is sufficiently high (100 g/dm²/h), then it is expected that the impact 
of the freezing fog would be negligible for all fluid types. 
 
 
5.2 Mixed Snow and Rain Testing 
 
The Type I fluid performance in mixed snow and rain exceeded that of the rain on a 
cold-soaked wing baseline in all cases tested. This suggests that the rain on a 
cold-soaked wing HOTs may be suitable for use with Type I fluids in a mixed snow 
and rain scenario; however, additional data collection should be considered to better 
characterize this mixed condition. Given that the Type I fluid performance varied 
significantly from the baseline, other potential baselines should be evaluated as well. 
 
The data collected indicates that Type II/III/IV fluid performance in mixed snow and 
rain is somewhat comparable to fluid performance in a rain on a cold-soaked wing 
condition. Several cases where the performance in the mixed condition fell short of 
the baseline performance were recorded. Additional data collection is recommended 
to further characterize this condition prior to guidance development. 
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5.3 Mixed Snow and Freezing Rain Testing 
 
The preliminary data collected indicates that fluid performance in mixed freezing rain 
and snow is comparable to freezing rain alone (assuming similar LWE in both cases). 
There are cases, however, where the performance in the mixed condition fell short 
of the baseline performance. Additional data is needed to further characterize this 
condition for guidance development. 
 
 
5.4 Changes to Mixed Icing Guidance 
 
The results of the mixed icing tests were reviewed and discussed with TC/FAA to 
determine the best path forward for further mixed icing HOT guidance development.  
 
Ultimately, due to the limited data collected for each of the different research goals, 
it was determined that additional data collection should be conducted in the 2023-24 
season to validate the findings of the 2022-23 research prior to making changes to 
the published mixed icing conditions guidance.  



 

 

62 

This page intentionally left blank.



6.  RECOMMENDATIONS 

APS/Library/Projects/301351 (TC Deicing 2022-23)/Reports/Mixed Icing Testing/Final Version 1.0/TP 15561E Final Version 1.0.docx 
Final Version 1.0, May 24 

63 

6. RECOMMENDATIONS 
 
It is recommended that additional mixed icing conditions research be conducted next 
year to collect the necessary data to complete the testing and guidance development 
objectives begun in 2022-23. 
 
The priorities for mixed icing conditions testing and development in Winter 2023-24 
have been identified in consultation with TC and the FAA and are listed below. 
 

1. Additional data collection in mixed snow and freezing fog with Type I fluids 
using the improved snow application methodology. 

2. Additional runs of snow-only baseline tests using the test methodology 
developed in 2022-23 to confirm that the methodology produces repeatable 
results. If this is the case, consideration should be given to re-evaluating the 
mixed snow and freezing fog data collected in 2021-22 using the new baseline 
data. 

3. Additional data collection in mixed snow and freezing fog testing at reduced fog 
rates to characterize the impacts across the full range of precipitation rates and 
temperatures. In addition, testing in mixed snow and mist (a lower-intensity fog 
spray) will also be considered. 

4. Additional data collection in mixed snow and freezing fog with other 
commercialized fluids to validate the broader applicability of the guidance 
issued for this condition. 

5. Additional data collection in mixed rain and snow to further characterize the 
condition for guidance development. 

.
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TRANSPORT CANADA 
STATEMENT OF WORK EXCERPT –  

AIRCRAFT & ANTI-ICING FLUID WINTER TESTING 2022-23 
 
 
1. Freezing Fog and Snow HOTs – Comparative Testing and Guidance 

Development – Priority 1 
 

a) Review and refine the existing test methodology and procedure for simulating 
a combined freezing fog and snow precipitation condition; 

b) Conduct comparative endurance time testing at the NRC-CEF in the following 
conditions (expected 10 days testing at climatic facility): 

i. Simulated Freezing Fog; 

ii. Simulated Snow; and 

iii. Simulated Freezing Fog and Snow (combined); 

c) Conduct complementary testing at alternative indoor or outdoor test facilities, 
as required; 

d) Analyse comparative test results; 

e) Hold technical discussions with TC/FAA and develop necessary guidance 
material; 

f) Prepare presentation for SAE G-12; and 

g) Prepare a report. 
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APPENDIX B 
 

PROCEDURE: 
EVALUATION OF ENDURANCE TIMES IN SIMULATED SNOW AND 

FREEZING FOG WITH SAE TYPE I, II, III, AND IV DE/ANTI-ICING FLUIDS 
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APPENDIX C 
 

PROCEDURE: 
ENDURANCE TIME TESTING IN SIMULATED FREEZING PRECIPITATION 

WITH SAE TYPE I, II, III, AND IV DE/ANTI-ICING FLUIDS 
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2021-2022 MIXED ICING RESEARCH – TEST DATA 
 

This appendix contains the data from the snow-only baseline testing collected as part 
of the mixed snow and freezing fog endurance time testing project conducted at the 
National Research Council Canada (NRC) Climatic Engineering Facility (CEF) in 
2021-22. 
 
Table 1 describes the headings found within the test log. Table 2 contains the 
relevant test data. 
 

Table 1: Description of Column Headings in the NRC CEF Testing Log 

Column Heading Description 

Test # The number identifying the test run. 

Date The date when the test was conducted. 

Fluid Name The name of the anti-icing fluid used during the test. 

Fluid Type The type of the anti-icing fluid used during the test. 

Test Surface The material of which the test surface is composed. 

Condition The precipitation type(s) being simulated during the test. 

Temp. (°C) The chamber temperature setting during the test. 

Target Snow Rate (g/dm²/h) The targeted rate of snow precipitation for the test. 

Actual Snow Rate (g/dm²/h) The measured rate of the snow precipitation for the test. 

Actual Rate (Combined) The measured rate of the snow and freezing fog components of 
the precipitation combined. 

Endurance Time (min) The measured endurance time of the test. 
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Table 2: 2022-23 Mixed Snow and Freezing Fog Project - Snow Baseline Tests 

Test 
# Date Fluid Name Fluid 

Type 
Test 

Surface Condition Temp. 
(°C) 

Target 
Snow 
Rate 

(g/dm²/h) 

Actual 
Snow 
Rate 

(g/dm²/h) 

Endurance 
Time 
(min) 

167 Mar 3, 2022 
Clariant 

Safewing MP II 
FLIGHT 

II Aluminum Light 
Snow -3 10 10 87.8 

168 Mar 3, 2022 
Clariant 

Safewing MP II 
FLIGHT 

II Aluminum Light 
Snow -3 10 10 97.5 

175 Mar 3, 2022 
AllClear 

AeroClear 
MAX 

III Aluminum Light 
Snow -3 10 10 53.0 

176 Mar 3, 2022 
AllClear 

AeroClear 
MAX 

III Aluminum Light 
Snow -3 10 10 58.5 

187 Mar 3, 2022 
Cryotech Polar 

Guard 
Advance 

IV Aluminum Light 
Snow -3 10 10 167.8 

188 Mar 3, 2022 
Cryotech Polar 

Guard 
Advance 

IV Aluminum Light 
Snow -3 10 10 177.7 

195 Mar 3, 2022 Dow EG106 IV Aluminum Light 
Snow -3 10 10 130.3 

196 Mar 3, 2022 Dow EG106 IV Aluminum Light 
Snow -3 10 10 127.1 

219 Mar 3, 2022 
Clariant 

Safewing MP II 
FLIGHT 

II Aluminum Moderate 
Snow -3 25 24.9 26.7 

220 Mar 3, 2022 
Clariant 

Safewing MP II 
FLIGHT 

II Aluminum Moderate 
Snow -3 25 24.9 28.1 

227 Mar 2, 2022 
AllClear 

AeroClear 
MAX 

III Aluminum Moderate 
Snow -3 25 25 27 

228 Mar 2, 2022 
AllClear 

AeroClear 
MAX 

III Aluminum Moderate 
Snow -3 25 25 24 

229 Mar 2, 2022 
AllClear 

AeroClear 
MAX 

III Aluminum Moderate 
Snow -3 25 25 24 

230 Mar 2, 2022 
AllClear 

AeroClear 
MAX 

III Aluminum Moderate 
Snow -3 25 25 24 

231 Mar 2, 2022 
AllClear 

AeroClear 
MAX 

III Aluminum Moderate 
Snow -3 25 25 24 

232 Mar 2, 2022 
AllClear 

AeroClear 
MAX 

III Aluminum Moderate 
Snow -3 25 25 24 

233 Mar 2, 2022 
AllClear 

AeroClear 
MAX 

III Aluminum Moderate 
Snow -3 25 25 25 

234 Mar 2, 2022 
AllClear 

AeroClear 
MAX 

III Aluminum Moderate 
Snow -3 25 25 25 

235 Mar 2, 2022 
AllClear 

AeroClear 
MAX 

III Aluminum Moderate 
Snow -3 25 25 25 
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Table 2: 2022-23 Mixed Snow and Freezing Fog Project - Snow Baseline Tests (cont’d) 
 

Test 
# Date Fluid Name Fluid 

Type 
Test 

Surface Condition Temp. 
(°C) 

Target 
Snow 
Rate 

(g/dm²/h) 

Actual 
Snow 
Rate 

(g/dm²/h) 

Endurance 
Time 
(min) 

236 Mar 2, 2022 
AllClear 

AeroClear 
MAX 

III Aluminum 
Moderate 

Snow -3 25 25 25 

237 Mar 2, 2022 
AllClear 

AeroClear 
MAX 

III Aluminum 
Moderate 

Snow -3 25 25 25 

238 Mar 2, 2022 
AllClear 

AeroClear 
MAX 

III Aluminum 
Moderate 

Snow -3 25 25 27 

239 Mar 2, 2022 
AllClear 

AeroClear 
MAX 

III Aluminum 
Moderate 

Snow -3 25 25 23 

240 Mar 2, 2022 
AllClear 

AeroClear 
MAX 

III Aluminum 
Moderate 

Snow -3 25 25 20 

241 Mar 2, 2022 
AllClear 

AeroClear 
MAX 

III Aluminum 
Moderate 

Snow -3 25 25 24 

242 Mar 2, 2022 
AllClear 

AeroClear 
MAX 

III Aluminum 
Moderate 

Snow -3 25 25 20 

243 Mar 2, 2022 
AllClear 

AeroClear 
MAX 

III Aluminum 
Moderate 

Snow -3 25 25 23 

244 Mar 2, 2022 
AllClear 

AeroClear 
MAX 

III Aluminum 
Moderate 

Snow -3 25 25 20 

245 Mar 2, 2022 
AllClear 

AeroClear 
MAX 

III Aluminum 
Moderate 

Snow -3 25 25 24 

246 Mar 2, 2022 
AllClear 

AeroClear 
MAX 

III Aluminum Moderate 
Snow -3 25 25 22 

247 Mar 2, 2022 
AllClear 

AeroClear 
MAX 

III Aluminum Moderate 
Snow -3 25 25 20 

248 Mar 2, 2022 
AllClear 

AeroClear 
MAX 

III Aluminum Moderate 
Snow -3 25 25 20 

249 Mar 2, 2022 
AllClear 

AeroClear 
MAX 

III Aluminum Moderate 
Snow -3 25 25 24 

250 Mar 2, 2022 
AllClear 

AeroClear 
MAX 

III Aluminum Moderate 
Snow -3 25 25 23 

251 Mar 3, 2022 
AllClear 

AeroClear 
MAX 

III Aluminum Moderate 
Snow -3 25 24.9 27.6 

252 Mar 3, 2022 
AllClear 

AeroClear 
MAX 

III Aluminum Moderate 
Snow -3 25 24.9 31.3 

253 Mar 3, 2022 
Cryotech Polar 

Guard 
Advance 

IV Aluminum Moderate 
Snow -3 25 24.9 43.2 

254 Mar 3, 2022 
Cryotech Polar 

Guard 
Advance 

IV Aluminum Moderate 
Snow -3 25 24.9 46.1 
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Table 2: 2022-23 Mixed Snow and Freezing Fog Project - Snow Baseline Tests (cont’d) 
 

Test 
# Date Fluid Name Fluid 

Type 
Test 

Surface Condition Temp. 
(°C) 

Target 
Snow 
Rate 

(g/dm²/h) 

Actual 
Snow 
Rate 

(g/dm²/h) 

Endurance 
Time 
(min) 

261 Mar 3, 2022 Dow EG106 IV Aluminum 
Moderate 

Snow -3 25 24.9 78.9 

262 Mar 3, 2022 Dow EG106 IV Aluminum 
Moderate 

Snow -3 25 24.9 68.5 

285 Mar 10, 2022 
Clariant 

Safewing MP II 
FLIGHT 

II Aluminum 
Light 
Snow -14 10 13.7 46.3 

293 Mar 10, 2022 
AllClear 

AeroClear 
MAX 

III Aluminum 
Light 
Snow -14 10 13.7 90.8 

301 Mar 10, 2022 
Cryotech Polar 

Guard 
Advance 

IV Aluminum 
Light 
Snow -14 10 13.7 71.9 

302 Mar 10, 2022 
Cryotech Polar 

Guard 
Advance 

IV Aluminum 
Light 
Snow -14 10 13.7 66.0 

309 Mar 10, 2022 Dow EG106 IV Aluminum 
Light 
Snow -14 10 13.7 113.0 

310 Mar 10, 2022 Dow EG106 IV Aluminum 
Light 
Snow -14 10 13.7 132.0 

333 Mar 9, 2022 
Clariant 

Safewing MP II 
FLIGHT 

II Aluminum 
Moderate 

Snow -14 25 30.9 22.2 

341 Mar 9, 2022 
AllClear 

AeroClear 
MAX 

III Aluminum 
Moderate 

Snow -14 25 30.9 43.8 

349 Mar 9, 2022 
Cryotech Polar 

Guard 
Advance 

IV Aluminum Moderate 
Snow -14 25 30.9 22.3 

350 Mar 9, 2022 
Cryotech Polar 

Guard 
Advance 

IV Aluminum Moderate 
Snow -14 25 30.1 26.7 

357 Mar 9, 2022 Dow EG106 IV Aluminum Moderate 
Snow -14 25 30.9 70.0 

358 Mar 9, 2022 Dow EG106 IV Aluminum Moderate 
Snow -14 25 30.9 72.2 

381 Mar 14, 2022 
Clariant 

Safewing MP II 
FLIGHT 

II Aluminum Light 
Snow -25 10 10.3 38.7 

389 Mar 14, 2022 
AllClear 

AeroClear 
MAX 

III Aluminum Light 
Snow -25 10 10.3 98 

397 Mar 14, 2022 
Cryotech Polar 

Guard 
Advance 

IV Aluminum Light 
Snow -25 10 10.3 38.2 

398 Mar 14, 2022 
Cryotech Polar 

Guard 
Advance 

IV Aluminum Light 
Snow -25 10 10.3 38.2 

405 Mar 14, 2022 Dow EG106 IV Aluminum Light 
Snow -25 10 10.3 93.1 
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Table 2: 2022-23 Mixed Snow and Freezing Fog Project - Snow Baseline Tests (cont’d) 
 

Test 
# Date Fluid Name Fluid 

Type 
Test 

Surface Condition Temp. 
(°C) 

Target 
Snow 
Rate 

(g/dm²/h) 

Actual 
Snow 
Rate 

(g/dm²/h) 

Endurance 
Time 
(min) 

406 Mar 14, 2022 Dow EG106 IV Aluminum 
Light 
Snow -25 10 10.3 91.5 

429 Mar 14, 2022 
Clariant 

Safewing MP II 
FLIGHT 

II Aluminum 
Moderate 

Snow -25 25 29 12.8 

437 Mar 14, 2022 
AllClear 

AeroClear 
MAX 

III Aluminum 
Moderate 

Snow -25 25 29 48.0 

445 Mar 14, 2022 
Cryotech Polar 

Guard 
Advance 

IV Aluminum 
Moderate 

Snow -25 25 29 12.8 

446 Mar 14, 2022 
Cryotech Polar 

Guard 
Advance 

IV Aluminum 
Moderate 

Snow -25 25 29 16.0 

453 Mar 14, 2022 Dow EG106 IV Aluminum 
Moderate 

Snow -25 25 29 33.0 

454 Mar 14, 2022 Dow EG106 IV Aluminum 
Moderate 

Snow -25 25 29 31.3 

219A Mar 8, 2022 
Clariant 

Safewing MP II 
FLIGHT 

II Aluminum 
Moderate 

Snow -3 25 29.2 32.8 

227A Mar 8, 2022 
AllClear 

AeroClear 
MAX 

III Aluminum 
Moderate 

Snow -3 25 29.2 23.5 

253A Mar 8, 2022 
Cryotech Polar 

Guard 
Advance 

IV Aluminum 
Moderate 

Snow -3 25 29.2 39.0 

254A Mar 8, 2022 
Cryotech Polar 

Guard 
Advance 

IV Aluminum Moderate 
Snow -3 25 29.2 41.0 

261A Mar 8, 2022 Dow EG106 IV Aluminum Moderate 
Snow -3 25 29.2 63 

262A Mar 8, 2022 Dow EG106 IV Aluminum Moderate 
Snow -3 25 29.2 57 
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